Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


D.oiliz.oB,GoOglc 


D.oiliz.oB,GoOglc 


D.oiliz.oB,GoOglc 


D.(jitizect.yG00(^lc 


D.(jitizect.yG00(^lc 


2% 


;obyGoO(^lc 


A    MANUAL 


MARINE    ENGINEERING: 


THC  DCSIQH,    COSSTRUCT/OH.    AHD   WORKIHO  OF 

MAmnE  HACHinmr. 


A.  E.   SEATON, 


w  jiioiuaiaAi.  BNouiBwa,  k 


VUtb  nametoaB  Qibles  ano  SUnstnitfons  KOnceo  from  vnotWim 


aXTUHTH  eDIT/OM.  THOHQVQHLf  HEVISBO.  EHLAflQED, 
AMD  IN  PAkT  K-WfttTTEH. 


LONDON: 

CHARLES  ORIFFIN  AND  COMPANY.  LIMITED. 

NEW  YORK:    D.  TAN   NOSTBAND  CO. 

1907. 

As,  "-"'Google 


REESE 


D.(jitizect.yG00(^lc 


PREFACE   TO   SIXTEENTH    EDITION. 


The  demand  for  the  Manual  bsviog  exhausted  the  edition,  the 
opportunity  has  been  taken  to  make  sach  alterations  and  additions 
as  will  bring  it  ap  to  date.  Although  such  a  comparatively  short 
time  has  elapsed  since  it  was  revised,  the  modificatioDS  and  exten- 
sions of  the  Kules  of  the  Board  of  Trade,  Lloyd's  Register,  Bureau 
Yeritas,  British  Corporation,  &c.,  have  been  connderable,  and  they 
are  now  all  noted  in  this  edition. 

The  use  of  superheated  steam  on  board  ship  has  been  revived 
in  a  tentative  way;  the  advantages  of  steam  in  this  state  are 
obvious,  and  the  possibilities  and  value  of  it  are  shown  in 
diagrammatic  form  (Fig.  I6a)  from  experiments  made  with  engines 
of  the  marine  type,  or  of  the  types  analagous  to  it,  in  central 
electric  stations  on  shore. 

In  Appendix  N,  the  turbine  as  a  marine  motor  is  discussed. 

In  conclusion,  the  author  trusts  that  this  revised  edition  may 
meet  with  as  kindly  a  reception  as  has  been  accorded  to  its 
predecesBora 

A.  E.  SEATON. 

Wbsihissteb,  liarch,  1S07> 
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PREFACE  TO  FIFTEENTH  EDITION. 


The  First  Edition  of  this  Mannal  was  written  some  twenty-five  years  sgo 
when  there  wm  no  aimiUr  book  existing,  when  Lloyd's  had  no  Rules  for 
Machinery  and  the  Board  of  Trade  but  a  few  elementary  ones,  when  the 
Admiralty  practically  [>ermitted  each  engme- builder  to  follow  hia  own 
devices  in  design  and  his  own  rules  for  sizes,  and  when  the  Britisli  Corpora- 
tion did  not  exist,  nor  very  few  of  the  Technical  Schoola  now  so  freely 
scattered  over  the  land.  No  better  proof  of  the  progress  and  change  which 
has  been  made  in  this  quarter  of  a  century,  I  venture  to  think,  can  be  found 
than  by  comparing  this  new  edition  with  the  original.  I  trust  that  this 
edition,  which  is  virtually  a  new  book,  may  be  found  to  reflect  the  best 
engineering  practice  of  the  day,  combined  with  the  theories  and  discoveries 
of  modern  science,  as  the  original  Manual  aimed  to  do,  and,  on  the  whole, 
succeeded  in  doing.  I  likewise  hope  that  it  may  meet  with  the  same  kindly 
reception  at  the  hands  of  engineers  as  was  accorded  its  predecessors. 

I  bave  endeavoured  to  follow  the  plan  originally  observed,  to  make 
every  point  quito  clear  and  free  from  ambiguity,  and  to  give  all  rules  and 
oalculations  their  simplest  espreasion  without  having  recourse  to  the 
higher  mathematics. 

I  have,  in  Chaptor  iii.,  given  new  methods  for  the  guidance  of  engineers 
in  determining  the  I.H.F.  for  certain  speeds  of  ship  in  lieu  of  the  old  rules 
with  so-called  oonstante,  from  which  the  student  had  to  moke  a  selection 
without  much  to  guide  him  in  doing  so ;  tables  based  on  these  new  rules 
are  given,  which  will  save  him  much  oaloulation  in  practice.  The  examples 
of  Bteomships'  performances  are  quito  modem  ones,  and  in  every  case  token 
from  reports  of  carefully-conducted  trials  by  eminent  shipbuilders  and 
engineers. 

The  original  rules  for  screw  propellers  have  been  carefully  tosted  by  the 
best  and  latest  experience.  I  am  pleased  to  say  that  they  have  required 
very  little  readjustment.  I  have  added  to  them,  and  elsewhere,  many 
additional  formulie,  which  should  be  of  great  use  in  every-day  engineering 
practice ;  for  example,  it  is  a  long  and  tedious  process  to  estimato  the 
weight  of  a  screw  propeller;  I  have  given  a  rule  which  will  be  found 
to  give  results  sufficiently  aoonrato  for  all  practical  purposes  by  which  the 
weight  may  be  obtained  in  a  minnto  or  two. 

The  chaptor  on  Water-tube  Boilers  has  been  much  enlarged  aad  mora 
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fall;  illustnted.  Other  chapters  have  likeviae  been  added  to  materiaUy  in 
the  Bune  mannBr.  Three  chapter*  tovards  the  end  are,  moreover,  entirelj 
new — one  on  Oils  and  Lnbricants,  a  most  important  subject  aeldom  dealt 
with  at  all  in  engineering  mannals ;  one  od  Weight  of  Maohineiy  in  all  ita 
Relatione  and  Effects;  and  one  on  the  Physioal  Sfiect  of  Weight  and 
Inertia,  in  vhieh  the  qneation  of  vibration'  and  balancing  of  engiuea  ia 
fully  dealt  with. 

I  have  very  much  extended  the  chapter  on  "  Materials,"  and  given  as 
much  information  on  metals  as  is  possible  in  a  work  of  this  kind.  I  have 
further  endeavoured,  in  Chapter  xxiiL,  to  give  the  student  some  guidance 
in  questions  where  the  endurance  of  materials  is  involved.  I  have,  I 
believe,  given  due  weight  to  the  opinions,  as  well  as  to  the  experiments,  of 
Wohler,  Unwin,  and  others,  without  ignoring  the  results  of  every-day 
modern  experience.  I  have  also  attempted  to  distinguish  between  the 
repetition  of  a  positive  stress,  which  I  call  iTUermitttnt,  and  that  of  positive 
and  negative  stresses,  known  as  alternating  stress.  In  marine  engine 
design  is  the  past,  there  has  not  been  mnch  evidence  that  the  difference 
between  these  stresses  and  that  due  to  a  steady  load  was  properly  appre- 
ciated.   In  modem  Admiralty  designs,  however,  it  is  fully  recognised. 

For  the  very  neat  and  original  mathematical  investigations  involved 
and  the  methods  of  obtaining  the  information  for  balancing  by  weights,  &e. 
(Ch^.  xxiv.),  I  am  indebted  to  my  friend  and  former  pupil,  Mr.  A.  A. 
Jade.  I  also  take  this  opportunity  of  expressing  my  thanks  to  Mr.  J. 
Q.  Dunlop,  Olydebank ;  Dr.  F.  Elgar,  of  Fairfield ;  Mr.  W.  J.  Frotten, 
Bel&st ;  Mr.  J.  W.  Beed,  of  Jarrow ;  Mr.  E.  W.  de  Bossett,  of  Waaisend ; 
and  other  friends,  for  much  useful  and  valuable  information,  as  well  as 
photographs ;  and  to  Messrs.  J.  Stone  &  Co.,  for  permitting  me  to  include 
their  "  Table  of  Pressures  on  Screw  Propellers." 

Last,  but  by  no  means  least,  to  my  Publishers  I  would  give  my  grateful 
thanks  for  the  patience  they  have  ever  extended  to  me,  for  the  care  they 
have  taken  to  make  each  edition  of  the  "Manual'  an  improvement  on 
its  predecessor,  and  more  especially  now  for  the  trouble  they  have  taken 
witlt  this  one  in  embellishing  it  with  Ulnstrations  and  in  preserving  its 
bandy  thickness  by  enlarging  the  pages,  although  it  involved  the  resetting 
throQghont. 

A.  B.  SEATON. 
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OBIGINAL     PEEFACE. 


The  following  Work  hu  been  prep&red  to  Bnppl;  the  existing  want  of  a 
Huiiud  ihowing  the  application  of  Theoretical  Principtea  to  the  I>eBigQ 
and  CtHutniction  of  Marine  Machinery,  as  determined  by  the  experience 
of  leading  engineers,  and  oarried  ont  in  the  most  recent  saooeBsfal  practice. 
The  data  on  which  it  ia  baaed,  now  first  thrown  into  form  for  pablioation, 
have  been  collected  during  many  years  of  study  and  practical  work.  It 
is  hoped  that  the  volume  will  be  found  useful  by  the  engineer  and  draughts- 
man engaged  in  practice  as  a  Handbook  of  Reference,  and  by  the  student, 
launched  for  tbe  first  time  on  the  intricacies  of  Marine  Constmotion,  aa 
a  guide,  supplying  to  some  extent  his  lack  of  experieoce. 

The  rules  and  formulie  introduced  (which  have  been  divested  as  far  as 
possible  of  complexity,  and  given  in  the  simplest  form  attainable)  may  be 
used  by  any  one  who  designs  with  some  regard  to  theory,  and,  by  varying 
the  constants,  be  made  to  suit  bis  own  ideas  of  strength  and  stiffiiess.  It 
may,  perhape,  be  thought  by  some  that  in  oertain  instances  details  have  been 
entered  into  with  unDecessary  minuteness;  but  it  should  be  remembered, 
on  the  other  hand,  that  not  every  engineer  has  the  contents  of  a  well-filled 
drawing-office  to  fall  back  upon  in  cases  of  doubt  and  difficulty. 

It  is  hardly  necessary  to  premise  that  it  is  wholly  impossible  to  reconcile 
the  practice  of  the  naval  designer,  who  thinks  more  of  efficiency  uid  weight 
than  of  cost,  with  that  of  the  mercantile  engineer,  who  studies  efficiency 
and  cost  with  but  small  regard  to  weight,  and,  therefore,  few  rules  can  be 
given  which  shall  absolutely  suit  both.  However,  the  manufacturer  of 
machinery  for  the  Merchant  Service  might  follow  with  advantage  much  that 
has  been  proved  to  be  good  in  naval  practice,  and  the  Naval  Authorities 
might  again,  on  their  part,  borrow  from  the  Mercantile  Marine  a  few 
suggestions  which  would  render  a  warship,  while  no  less  efficient  than  at 
present,  perhaps  somewhat  less  intricate  for  those  who  have  to  work  her. 

In  conclusion,  the  author  can  but  express  a  hope  that  the  publication  of 
these  notes,  imperfect  as  they  necessarily  are,  may  tend  to  make  a  little 
clearer  some  of  the  technicalities  of  Marine  Design  and  Oonstruction,  and 
BO  help  forward,  in  however  slight  a  degree,  the  application  of  scientific 
investigation  to  those  problems  which  the  marina  engineer  is  called  upon, 
day  by  day,  to  solve. 

Hull,  Janaarj/  3(M,  1883. 
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GENEBAL   INTBODUOTIOI*. 

The  first  object  aimed  at  hj  the  mRrine  engineer,  i>  to  propel  a  floating 
body  through  the  water  at  a  certain  Rpeed ;  the  aecond,  bo  to  construct 
the  propelling  apparatus  that  the  motion  may  readily  be  reversed;  and 
the  third,  to  adopt  such  an  arrangement  of  propeller  and  engine  as  shall 
be  convenient  for  the  floatiog  body  and  the  service  on  which  it  is  employed. 

The  principle  on  which  nearly  all  marine  propellers  work  is  the  pro- 
jection of  a  mass  of  water  in  the  direction  opposite  to  that  of  the  required 
motion.  The  only  exception  to  this  rule  is  toe  case  of  ferry  steamers  and 
some  river  craft,  where  a.  chain  or  rope  lying  in  the  bed  of  the  river  passes 
over  a  wheel  or  barrel  in  the  ship  itseld 

The  water,  in  modern  practice,  is  projected  by — {Vi  One  or  more  screws 
at  the  ends  of  the  ship  (as  will  be  described  under  the  oeading  otpropetUri); 
(2)  by  one  or  more  paddle-wheels  outside  of  the  ship ;  or,  (3)  by  a  form 
of  wheel  in  the  inside  of  the  ship,  which  is  gener^ly  spoken  of  as  a 
Je^p^opelle^,  as  the  water  issnes  in  jets  from  orifices  in  the  ship's  side. 

The  Paddle- Wheel — The  oldest  of  these  three  forms  is  the  paddle-wheel ; 
and  although  the  screw-propeller  has  almost  entirely  superseded  it  in  sea- 
going ships,  it  still  maintains  its  position  in  river  steamers,  and  in  some 
cross-channel  steamers  of  large  power  and  light  draught  of  water.  Inasmuch 
as  the  screw,  to  work  efQciently,  must  be  wholly  submerged,  and  any 
increase  in  its  size  demands  an  increase  in  the  draught  of  wat«r,  whereas 
the  paddle-wheel  can  be  increased  by  making  it  broader  on  the  face 
without  increasing  the  dip  of  the  fioate :  it  follows,  that  where  large 
power  ifl  required  with  a  light  draught  of  water,  the  screw  or  screws 
cannot  be  adopted,  unless  the  diameter  is  leas  than  the  limit  of  draught,* 
and  recourse  must  be  bad  to  paddle-wheels.  Beyond  this,  the  few  daims 
which  paddle-wheels  have  are  limited  to  special  cases,  and  even  then  their 
merits — such  as  decreased  vibration,  handiness  in  tugs,  and  steadiness  in 
a  seaway — are  only  comparative  ;  while  against  these  are  some  very  definite 

'  By  a  apedaljformatiott  of  the  atem,  light  draoght  ships  oan  bepropelled  by  sarews 
in  amootb  water  with  fair  effideooy  whan  tba  diameter  eioeeda  the  draught. 
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objectiona — viz.,  greftt  weight,  (he  amoont  of  spue  occupied  (and  that  in 
the  most  valuable  part  of  the  ship),  and  the  liability  of  the  wheels  to 
damage,  together  with  the  great  mcrease  in  breadth  of  ship,  and  the 
increase  in  the  surfaces  exposed  to  sea  and  wind. 

nie  Screw. — The  screw,  oa  the  other  band,  is  much  smaller  for  equal 
powers,  is  wholly  immersed,  and  also  protected  by  the  quarters  of  the  ship  ; 
the  propelling  foroe  is  applied  to  the  strongest  part  of  the  ship ;  the  piston 
speed  being  much  hisher  than  that  of  the  paddle-irheel  engine,  the  engines 
are  both  smaller  ana  lighter,  and  consequently  cheaper,  and  the  straining 
action  on  the  hull  is  much  less ;  the  engines,  lastly,  can  be  placed  in  any 
convenient  position,  and  occupy  less  space  than  those  of  the  paddle-wbeeL 
With  these  advantages  there  is  the  drawback  that  the  screw,  when 
badly  designed,  causes  vibration  of  the  stern  of  the  ship,  and  with  large 
powers  and  single  screws  produces  severe  side  strains,  which  the  form  of 
stem  is  not  calculated  to  resist  well ;  and,  again,  the  screw  itself  is  apt 
to  foul  rope  and  chains,  while,  from  its  liability  to  race,  it  is  not  such  an 
efficient  propeller  against  a  strong  head-wind  and  sea  as  the  paddle-wheel. 

The  Jet>Propeller. — The7«^propeller,  the  invention  of  Hr.  Ruthven  and 
many  others,  has  not  been  received  with  general  favour,  and  has  had 
aooorded  to  it  very  few  practical  trials.  In  this  case  the  propeller  is  inside 
the  ship,  in  the  shape  of  a  turbine  wheel,  or  oentrifugal  pump,  and  so  has 
the  advantage  of  being  wholly  protected,  while  no  considerations  as  to 
draught  of  water  determine  iU  adoption  or  rejection.  It  occupies  a  great 
amount  of  space  in  the  ship,  and  requires  la^ge  openings  in  the  skin  for 
inlets  and  outlets,  and  should  the  section  of  the  stream  of  water  be  reduced 
by  increasing  the  velocity,  one  of  the  great  objections  to  the  system — vit., 
the  friction  in  the  pipes  and  passages — is  very  much  aggravated. 

B6T6rBllig. — The  reversing  of  the  motion  of  the  ship  is  obtained  by 
reversing  the  motion  of  the  propeller,  and  in  this  respect  the  paddle-wheel 
is  more  efficient  than  the  screw,  since  the  floats  leave  the  water  at  nearly 
the  same  angle  as  they  enter,  and  also  present  flat  surfaces  to  the  water 
further,  the  stream  cf  water  from  the  paddle  is  not  projected  against  thi 
ship  as  it  is  from  a  screw,  when  going  astern.  The  features  in  a  screv 
which  cause  it  to  work  efficiently  and  without  vibration  when  going  ahead, 
tend  to  produce  the  opposite  results  when  its  motion  is  reversed. 

A  consideration,  therefore,  of  the  qualities  of  each  form  of  propellf 
and  of  the  necessities  of  the  service  on  which  the  ship  is  to  be  employed, 
must  determine  which  particular  form  shall  be  adopted. 

Different  Forms  of  Engine. — The  third  consideration  for  the  engineer, 
as  has  been  stated,  embraces  the  machinery  as  well  as  the  propeller ;  and 
since  each  form  of  propeller  may  be  driven  by  engines  of  different  design, 
each  design  has  its  special  features,  which  will  be  found  suitable  or  the 
reverse  for  special  services,  and  which,  where  the  question  is  an  open  one, 
will  either  commend  or  condemn  it  according  to  the  practice  or  the  pre- 
judices of  the  engineer. 

The  Beam  Engiae. — Katnrally  the  beam  engine  was  the  first  which 
commended  itself  to  the  minds  of  the  pioneers  of  steam  navigation,  since, 
at  the  time  when  the  propelling  of  ships  by  steam  was  only  emerging  from 
its  embryo  state,  that  particular  form  of  steam-engine  was  the  only  one 
which  bad  been  proved  by  experience  to  be  a  success.  Hence,  we  find 
Bell's  "Comet"  with  a  modification  of  a  beam  en^e  (fig.  1),  since 
improved  upon,  under  the  name  of  the  Sida-Lever  Engine ;  this  reached  ita 
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highest  pitch  of  perfection  in  the  hands  of  the  Napiers  on  the  ships  of  the 
celebrated  Cunard  Line  of  Atlantic  Steamers,  aa  sbowQ  in  fig.  3,  This 
class  of  engine  still  exists  in  two  forms,  the  one,  as  in  fig.  2,  where  the 
fblcram  or  weigh-shaft  is  at  or  near  the  centre  of  the  beamj  the  connecting- 
rod  being  at  one  end  and  the  side  rods  from  the  piston-rod  crossheads  at 
the  other;  this  la  the  true  "Side-Lever"  Engine.  Fig.  3  is  an  interesting 
example  of  an  early  engine  worked  bj  means  of  abeam  of  the  "bell  crank" 
type,  made  hj  Maudslaj  and  fitted  in  a  Thames  passenger  steamer  in  1616. 
In  this  engine  the  connecting-rod  is  nearly  horizontal,  so  that  its  weight 
and  that  of  the  crank  would  always  keep  the  latter  off  the  "dead"  points. 
When  the  fulcrum  or  weigh-^haft  is  at  one  end,  as  was  the  case  in  the 
engines  of  the  "Oomet,"  it  is  nsnally  called  a  "  Qrasshopper "  Enniie,  and 
in  this  form  was  much  used  in  tng-boats  and  river  steamers.  The  chief 
advantages  possessed  by  this  engine,  as  shown  in  fig.  4,  ore  cheapness 


Fig.  I.— Engine  of  the  "Comet,"  1B1M2. 

of  construction,  consequent  on  simplicity  of  design ;  a  long  stroke  of  piston 
can  be  obtained  in  a  shallow  ship ;  the  racking  action  from  the  engine  when 
in  motion  is  very  slight,  and  taken  by  the  strongest  part  of  the  ship  ;  and 
when  only  a  single  cylinder  is  employed,  there  is  in  practice  no  "dead" 

Gint — that  is,  the  crank  can  be  mov«l  from  any  position  in  which  it  may 
ve  stopped.  This  latter  quality  is  dne  to  the  position  of  the  connecting- 
rod  with  respect  to  the  levers  when  the  piston  is  at  the  end  of  its  stroke, 
and  the  slight  amount  of  play  in  the  brasses.  This  class  of  engine  is 
capable  of  working  satisfactorily  when  in  such  a  bad  state  of  repair  that  the 
same  condition  in  any  other  form  of  engine  would  prove  dangerous ; 
moreover,  it  seems  to  require  far  less  care  and  attention  than  are  usually 
found  necessary  with  marine  machinery.     The  objections  to  it  are  that  it 


Fig.  '2. — "Side-Lever"  Uagiiio. 


Fig.  S.— BngioM  of  Tluunee  Steanier  " S«8«at,''  1816  (JfatKU^OOQ  Ic 
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is  aomewhat  beftvier,  and  takes  up  more  room  in  the  ship  than  more  modern 

The  beam  engine,  in  its  eariier  and  original  form,  ia  still  adopted  br 
Americaa  engineers,  both  in  river  and  coasting  steamers,  and  in  their  hands 
it  has  proved  a  snccess ;  bnt  the  objeotions  to  it  are  serious  for  sea<going 
ships,  especially  those  of  European  form,  which  have  not  so  great  a  height 
of  deck  above  the  water-lin 


Fig.  4.— "Grasshopper"  Eogii 


The  Steeple  En^e  (fig.  6)  is  one  of  the  earliest  forms  of  marine  engine 
-where  the  piston  operated  directly  on  the  crank.  It  was  a  favourite  engine 
on  the  Clyde,  and  possesses  the  advantage  of  taking  up  little  room,  ia 
moderately  light  and  cheap,  and  has  fewer  working  parts  tban  the  side- 
lever  engine ;  but,  on  the  other  hand,  the  length  of  stroke  is  limited  by  the 
depth  of  the  ship ;  moreover,  considerable  height  is  required  above  the 
shaft.  In  quite  recent  times  Laird  Brothers  have  adopted  this  type  of 
engine  for  paddle  steamers  of  targe  power. 

The  OBcUlating  Engine  (represented  in  figa.  6  and  6a),  first  stiggested  by 
Trevithick,  and  brought  to  its  highest  pitch  of  perfection,  first  by  Messrs. 
Maudslay  &  Field,  and  then  by  Messrs.  John  Penn  k  Sons,  is,  on  the 
whole,  one  of  the  best  adapted  for  paddle-wheels  under  ordinary  circum- 
stances. It  is  the  lightest  and  most  compact  form,  and  has  fewest  working 
parts.  It  can  be  arranged  with  the  cylinder  vertical  in  its  mean  position, 
or  inclined  oven  as  far  as  the  horizontal  position ;  it  will  work  beat,  of 
conrEe,  in  the  former  position,  and  the  chief  objection  to  ita  more  frequent 
adoption  in  shallow  draught  steamers  is  the  want  of  room  vertically  to  effect 
this.  It  is  not  so  convenient  a  form  when  steam  of  higher  pressure  is 
employed,  from  the  difficulty  of  getting  an  efficient  apparatus  for  an  early 
cut-off  of  ateam,  and  the  liability  of  the  trunnion  to  leak  ;  the  former  is  the 
teal  difficulty,  the  latter  existing  more  in  imagination  than  practice,  and  th« 
solution  has  been  found  in  the  introduction  of  compound  oylinders.    The 
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most  Bucceufhl  osoillftting  engine*,  however,  huve  been  those  of  luM  power, 
working  with  a  steam  pressare  not  exceeding  30  lbs.  per  square  laeh,  and 
oonsuming  on  the  average  2}  Ibi.  of  coal  per  I.H.P.  per  hour ;  and  as  they 
have  been,  and  are  likely  to  be,  only  fitted  in  ships  where  consumption  of 


Fig.  6.— Steeple  Engine. 

coal  is  not  of  first  importance  (as  in  fast  passenger  Bteatners  on  short 
voyages,  and  in  yachta  on  similar  service),  it  seems  wise  to  avoid  the  higher 
pressures,  especiallT  as  with  them  the  cost  and  weight  of  machinery  is 
materially  increased.     The  inclined  position  of  cylinder  has  been  adopted  in 
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fast,  shaJlov  draaght  steamers  and  naval  tag  boats  with  sacceBS ;  and  to 
get  over  the  difficulty  caused  br  the  large  space  athwart-ships  required  by 
this  type  of  engine  with  two  cylinders,  one  cylinder  has  been  placed  before 
the  shaft  and  the  other  abaft  it,  both  operating  on  the  same  crank. 

The  Diagonal  or  Inclined  Direct-acting  En^e,  the  invention  of  Mark 
Isambard  Brunei,  in  1823,  is  one  that,  although  not  therefore  new,  was  not 
«o  mnch  adopted  in  former  years  im  it  has  been  latterly.    It  is  simply 
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a  horizontal  engine,  set  at  an  angle  bo  as  to  suit  the  height  of  the  shaft  at 
one  end  and  the  frames  of  the  ship  at  the  other.  It  takes  up  a  large 
amount  of  space  in  a  fore  and  aft  direction,  but  not  so  muoh  in  the  athwart- 
ship  direction  as  either  the  oscillating  or  side-lever  type,  and  for  this  reason 
no  doubt,  and  because  it  is  somewhat  heavier  and  more  expensive  than  the 
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Other  forma  of  p»ddle  angina,  it  hftd  not  found  so  mach  ikvoar  with 
•Dginaera.  It  is,  however,  a  very  oonvenient  form  when  spkco  is  not  ui 
ol'jeot  in  deaigo,  eapeclAllj'  with  large  powers  in  light  draught  veueli,  as  tbe 
weight  ii  not  lo  much  oonoentrated,  and  tho  atraina  are  in  a  direction  where 
the  natnral  atructure  of  auch  ihipi  ia  beat  oalcuUted  to  ruiat  them.  For 
theae  reaaona  this  form  of  engine  ii  now  adopted  generally  in  the  &at  rirer 
and  oroM-channe)  ■t«arDera.     Id  aome  ahips  of  very  light  draught,  the 


Fig.  6a. — Osoillating  Engine —Section  through  Valve  Bozm^ 

heavy  cast-iron  framing  is  replaced  with  light  vrought-iron,  or  ateel 
■tracturea,  aometimes  designed  to  form  part  of  the  framework  of  tbe  abip ; 
when  this  has  been  done  the  weight  of  tbe  engine  has  not  exceeded  that  of 
other  (ypea.  Fig.  7  ia  a  good  example  of  a  modem  diagonal  engine  as  fitted 
in  fast,  shallow  draught  vessels  by  Messrs.  John  Brown  ti  Oo.,  Clydebank, 
ftnd  others.    Fig.  8  is  on  example  by  the  Fairfield  Oompany  of  a  large 


Fig.  7. — Diagonal  Compound  Paddle  Engines. 
(J.  Brown  t  Co. ,  aydebank. ) 
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dia^nal  engine  where  two  low-preasare  cylinders  are  neceasary,  aod  ooiue- 
qaently  three  cranks  are  required.  This  is  the  most  powerful  paddle 
eugioe  ever  made. 

Triple^ezpansion  eogines  with  three  crauks  have  also  been  made  to 
a  limited  extent. 

Single- cylinder  diagonal  engine*,  with  expaniion  gear  to  permit  of  high- 
pressure  steam  being  used,  are  qnite  common  in  the  West  of  Scotland. 


Kg,  9,— Diagonal  Compound  Faddls  Engines. 
They  are,  of  couree,  cheap,  and  suit  the  comparatively  narrow  ships  in 
whi^  they  are  fitted ;  moreover,  they  are  easily  tandle.l  as  t^-^  J^'Rl^^of 
the  crank  and  connecting-rod  keeps  them  off  the  "dead'  P'*'"''*-  ^  Jhe 
„cmentnm  of  their  moying  parts,  however,  sets  np  an  action  ooth^ ship 
irhich  is  by  no  means  pleasant  to  the  passenger.     The  equivalent  of  a  two- 
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orank  engine  ia  obtained  (fig.  9)  by  pl&dng  the  high-pressure  oy Under  above 
the  low-preasare  cylinder  of  a  diagonal  engine  in  a  horizontal  or  nearly 
boriiontal  position,  connecting  it  by  colmnnB  to  the  main  bearing  Iranies  in 
the  Bame  way  as  the  low-pressure  cylinder  is  done,  and  connecting  the 
piston-rod  crosahead  to  a  pin  on  the  crank-arm  opposite  that  whose  pin  ia 
connected  to  the  low-pressure  orosahead ;  the  two  cranks  are  then  set  at  an 
angle  to  one  another  equal  to  90*,  less  the  angle  between  the  centre  lines  of 
cylinders,  and  connected  by  a  drag  link.  This  form  of  engine  is  a  very  oon- 
Tenient  one  where  athwartship  space  is  of  oonsequence  and  a  oomponnd 
engine  is  required ;  it  Is  also  cheaper  and  lighter  than  the  engine  shown  in 
fig.  7.     Fig.  9  is  an  example  of  such  an  engine. 

Other  forms  of  EngiiLea.— There  have  been  many  other  forms  of  paddle- 
wheel  engines,  such  as  the  "Qotmn"  Engine,  a  form  of  direct-acting 
engine;  me  "Annular  Cylinder"  Engine  of  Messrs.  Uaudslay,  in  which 
the  oonnecting-rod  was  arranged  so  as  to  be  partly  within  a  cylinder  placed 
in  the  centre  of  the  steam  cyliader,  so  that  the  piston  was  anmUar;  the 
twin  cylinder  engine  (fig.  10)  of  the  same  eminent  firm,  in  which  the  same 
idea  as  to  the  oonneoting-rod  was 
carried  out ;  the  open  cylinder  or 
atmospheric  engine,  in  which  steam 
was  admitted  only  to  the  underside 
of  the  piston ;  the  trunk  engine,  in 
which  the  piston  had  a  trunk  or 
cylinder  on  its  top  side  instead  of  a 
rod,  and  in  which  the  connecting-rod 
worked ;  and  others,  all  of  which 
have  ceased  to  be  of  interest  except 
from  historic  considerations,  as  the 
types  previously  piartioularised,  and 
which  will  be  more  fully  described 
later  on,  have  entirely  replaced  them. 
Screw  Ei^cineft.— On  the  introduo- 
tion  of  the  screw  as  a  means  of  pro- 
pelling ships,  it  was  only  natural  that 
engineers  should  seek  to  add  to  the 
then  existing  forms  of  marine  engines  to  drive  it,  rather  than  to  invent  new 
ones,  as  the  fate  of  the  screw  for  many  years  might  have  otherwise  been 
that  of  the  engines — viz.,  consignment  to  the  dark  confines  of  the  Patent 
Museum.  As  the  screw  required  to  be  run  at  many  more  revolutions  per 
minute  than  the  paddle-w heels,  and  there  had  been  established  definite 
limits  for  the  number  of  revolutions  of  the  engines,  it  became  necessary  to 
introduce  wheel-gearing  to  satisfy  these  two  conditions.  But  as  an  example 
of  the  manner  in  which  conditions  may  continue  to  impose  themselves  long 
after  their  necessity  has  ceased  to  exist,  gearing  remained  as  part  of  a  screw 
engine,  with  types  of  engines  which  might  safely  and  easily  have  been  run 
at  the  same  number  of  revolations  as  the  screw,  or  rather,  at  the  number  of 
revolutions  a  screw  might  have  been  run  at,  if  engineers  had  made  their 
screws  sufficiently  large ;  for  cause  and  effect  had  so  changed  places,  that 
small  screws  existed  long  after  the  time  when  engineers  had  found  how  to 
make  large  ones  of  sufficient  strength.  So,  beam  engines,  side-lever  engines, 
oscillating  engines,  direct-acting  engines,  and  many  of  the  other  forms  were 
made  to  drive  the  screw  by  the  intervention  of  cog-wheels,  and  for  many 


Fig.  10.— Twin  Cylindar  Engine. 
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yean  tha  millwright  wee  an  importtnt  functionary  in  a  marine-engine  shop, 
especially  irhere  repairs  were  exeonted.  Ko  doabt,  it  is  owing  to  these 
consideratioiia  that  the  paddle-wheel  so  Ions  maintained  its  position ;  the 
machinery  of  a  screw  ship  was  as  heftvy  aa  that  of  a  paddle-inieel  ship ;  it 
occupied  more  space,  and  the  wear  and  tear  was  much  heavier,  while  the 
belief  In  the  power  of  the  visible  wheel  was  far  more  sincere  than  that  in 
the  inrisible  screw,  and  it  required  the  experiment  of  the  "  Aleoto"  and 
"  fiattler  "  to  convince  wavering  minds.  It  is  not  necessary  here  to  go  into 
any  detail  as  to  the  early  forms  of  screw  engine,  as  they  are  now  extinct, 
and  the  interest  attaching  to  them  is  purely  historical.  It  is,  therefore, 
only  to  show  the  genesis  of  the  marine  engine,  and  to  account  for  certain 
"survivals,"  wbich  will  be  noted  further  on,  that  the  subject  has  been 
entered  upon  here  at  alL 

The  first  step  from  the  geared  engine  was  to  adopt  modified  forms  of 
the  paddle  engine,  so  as  to  work  direct  on  the  screw  shaft.  The  oscillating 
cylinder  was  employed  vertically  by  inclining  the  shafting  so  as  to  be  high 
enough  at  the  forward  end  for  the  cylinder  to  work  under  it;  then  tbe 
cylinder  or  cylinders  were  placed  diagonally,  and  finally  inverted  vertically 
over  the  shaft,  which  was  inclined  the  reverse  way  to  uiat  described  above. 
Mandslay's  annular  cylinders  were  inverted  above  the  shaft.  Beam  engines 
even  were  arranged  to  work  direct ;  but  with  very  limited  success.  The 
disc  engine  originally  invented  by  Hornblower  in  1804,  and  improved  by 
Biaohop,  and  the  pendulum  engine  of  Oaptain  Ericsson,  were  also  used  for 
driving  the  screw  shaft  directly,  as  were  also  various  forms  of  rotary 
engines.  Finally,  the  direct-acting  engine  was  changed  from  the  diagonal 
or  inclined  position  to  the  inverted  vertical.  Messrs.  J.  4  G.  Thomson, 
Glasgow,  were  the  first  engineers  to  adopt  this  form  ;  they  were,  however, 
soon  followed  by  others.  It  has  ever  since  been  the  most  approved  and 
successful  engine  for  merchant  steamers,  and  is  now  adopted  by  the  British 
Admir^ty  for  all  classes  of  warships. 

Another  engine  which  soon  attracted  the  attention  of  engineers  seeking 
a  design  for  direct-working  screw  engines,  was  the  "Steeple"  form;  for,  when 
Iftid  horizontally  and  modified  to  suit  that  position,  it  made  a  useful 
arrangement^  especially  for  warships  and  others  requiring  the  machinery 
to  be  low  down  in  the  hull.  This  became  known  then  as  the  "  Return 
Connecting-Bod"  Engine,  and  was  for  many  years  very  generally  adopted 
by  engineers,  sometimes  from  necessity,  but  oftener  from  choice.  It  is 
still  in  very  general  use  in  the  older  warships.  Direct-acting  engines,  also, 
were  adopted  in  a  horizontal  or  nearly  horizontal  position  by  some  engineers 
for  warships.  These,  too,  have  held  their  own,  and  have  many  advantages 
over  all  other  horizontal  forms,  especially  in  later  days,  since  the  introdnc* 
tion  of  higher  pressures  of  steam;  and  they  are  likely  to  hold  the  same 
position  in  the  estimation  of  engineers  for  warships,  when  required  for  some 
special  reason  to  be  horizontal. 

The  late  Mr.  John  Fenn  invented  and  introduced  the  horizontal 
"Trunk"  Engine,  and  its  performance  in  the  frigate  "Arrogant,"  of  900 
I.H.P.,  was  so  satisfactory,  that  the  Admiralty  adopted  it  very  extensively, 
and  contdnned  to  use  it  even  for  compound  engines.  It  was  taken  up  by  a 
few  of  the  larger  steamship  companies,  but  was  finally  abandoned  by  them 
in  favour  of  vertical  engines. 

Yarioufl  attempts  have  been  made  from  time  to  time  to  drive  the  screw 
h)  what  are  oalled  "  Rotatory"  Engines — that  is,  engines  in  which  a 
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rotatory  motion  is  got  direct  from  the  piaton  or  it«  anbetitute  without  the 
intervention  of  rods  in  the  ordinary  way  ;  but  althongh  some  of  them  had 
shown  great  ingenuity  on  the  part  of  their  inventors,  and  had,  in  Bomo 
caaea,  worked  satisfactorily  for  a.  time,  none  of  them  had  sufficient  success 
to  enable  their  promoters  to  go  beyond  the  experimental  stage  (vida 
Bankine  on  I^  Steam  Engine,  pp.  603-4).  The  interest  in  them  has,  how- 
ever, been  revived  by  the  great  success  achieved  by  Mr.  Charles  Parsons 
with  his  steam  motors  in  the  s.b.  "Turbiuia"  in  1897,  whereby  a  speed  of 
34  knots  per  hour  was  attained,  and,  later,  in  the  destroyers  "  Yiper "  and 
"  Cobra  "  (both  unfortunately  lost  when  new),  and  in  the  passenger  steamers 
■'King  Edward"  and  "Alexandra"  and  other  similar  ships,  which  have 
run  successfully  at  speeds  from  19  to  23  knots,  and  H.M.U.  "Amethyst" 
23-6  knots.  The  Curtis  h  Bateau  turbines  have  been  also  suooessfolly 
adopted  for  marine  work. 

Of  the  screw  engines  above  sketched  out,  and  now  existing  as  the  types 
of  modem  engineering  practice,  t^e  direct-acting  vertical  form  deserves 
first  attention,  as  it  is  the  only  one  which  is  now  employed  in  both  mer- 
chant ships  and  warships. 

The  VerticBl  Direct-acting  En^e  consists  esaentislly  of  one  or  more 
cylinders,  supported  on  columns,  and  having  piston-rods,  guided  on  suitable 
slides,  generally  attached  to  the  columns;  and  the  lineal  motion  of  the 
piston  converted  to  rotary  motion  by  means  of  a  connecting- rod  from  each 
piston-rod  end  to  the  crank-pin.  This  arrangement  of  engine  admits  of 
longer  stroke  of  piston  than  obtains  in  the  horizontal  engines:  the  working 
parts  are  well  above  the  bilge  of  the  ship,  and  in  clear  view  of  the  engineer; 
the  weight  of  the  pistons  is  taken  on  the  crank-pins,  so  that  the  enei^ 
stored  in  them  in  the  upstroke  is  given  out  on  the  downstroke,  instead  of 
being  on  the  side  of  the  cylinders,  as  in  horizontal  engines,  when  it  only  serves 
to  cause  frictional  resistance  to  their  motion ;  the  same  oomparisoua  hold 
good  for  the  valves,  piston-rods,  and  connecting-rods.  There  is  not  so  much 
racking  strain  on  the  structure  of  the  ship,  as  with  horizontal  engines;  and 
tbere  is  greater  scope  for  variety  of  design  and  arrangement  of  detail  with 
this  class  than  in  almost  any  other.  On  the  other  hand,  their  height 
causes  the  centre  of  gravity  of  machinery  to  he  somewhat  higher  than  that 
of  horizontal  engines,  and  also  generally  prevents  their  use  when  it  is  a 
necessity  for  the  machinery  to  be  below  the  water-line,  as  with  unprotected 
warships,  or  when  the  'tween  decks  are  required  as  dear  as  possible  of 
obstruction.  This  latter,  however,  was  an  argument  used  only  by  the 
opponents  of  vertical  engines,  as,  whatever  engine  is  fitted  in  a  ship,  there 
must  be  hatches,  &c,  immediately  over  it  for  tight  and  ventilation,  which 
hatches  cannot  be  much  smaller  than  would  be  necessary  for  a  vertical 
engine.  The  vertical  engine  requires  less  attention  when  at  work  than 
the  liorizontal,  and  the  wear  and  tear  is  considerably  less.  Under  these 
circumstances,  it  is  not  astonishing  that  it  entirely  replaced  the  horizontal 
engine  in  the  mercantile  marine,  and  has  done  the  same  in  the  Navy. 

The  Horizontal  Direct-Acting  Engine  works  on  precisely  the  same  prin- 
ciple, and  has  the  same  essential  working  parte  as  the  vertical  before 
described  ;  but  inasmuch  as  only  half  the  beam  of  a  single  screw  ship  is 
available  for  those  parts,  the  stroke  of  the  piston  was  exceedingly  short  in 
ordinary  sized  warships,  whose  beam  far  exceeds  that  of  large  merchant 
steamers,  and  wua  not  very  long  in  even  the  largest  warship. 

Since,  with  a  fixed  number  of  revolutions,  a  certain  capacity  of  cylinder 


Fig.  12.— Triple  Compound  Enginea  uf  H.M.S.  "St.  Gwrge,"  12,000  I.H,  P.,  CylinderH 
40,  CO,  and  8S  inche*  diameter  x  61  inches  stroke.     Deaigned  by  the  Autbor. 
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is  necessftiy  for  ft  certain  power,  it  follows  that  any  dimination  in  the  length 
of  the  cylinder  necessitatet  a  corresponding  increase  in  its  diameter  j  hence, 
these  very 'abort  stroke  engines  have  abnormally  large  pistons  for  their 
power,  and,  consequently,  an  af^Tavation  of  the  enl  arising  from  the  weight 
of  the  pistons.  As  the  momentum  of  the  pistons  had  to  be  balanced  by 
fitting  heavy  balance  weights  opposite  the  cranks,  to  reduce  the  racking  on 
the  framework,  both  of  engines  and  ship,  and  as  these  weights  cannot 
oonveniently  be  placed  very  far  out  from  the  centre  of  the  shaft,  this 
class  of  engine  was  more  difficult  to  balance  than  others  of  the  horizontal 
type. 

It  may  be  said,  howoTer,  in  their  favour,  that  they  showed  themselves  in 
practice  to  be  efficient  in  working,  and,  on  the  introduction  of  the  com- 
pound engine  and  higher  pressures  of  steam,  they  found  greater  favour 
than  in  the  days  when,  for  reasons  stated  below,  30  lbs.  pressure  was 
considered  the  highest  safe  limit  for  large  engines.  They  possess  the 
advantage  of  having  their  working  parts  well  in  view,  and  easy  of  exami- 
nation and  repair. 

Peon's  Trauk  Engine  (figs.  14  and  14a)  differed  from  all  others  by  having 
no  piston-rod  as  an  intermediary  between  the  piston  and  the  crank-pin,  for 
the  connecting-rod  hinges  on  a  pin  or  gudgeon  in  the  centre  of  the  piston, 
and  was  surrounded  by  a  cylindrical  cose  or  trunk  concentric  with  the 
cylinder,  attached  to  the  piston,  and  passing  through  a  stuffing-box  in  the 
front  of  the  cylinder ;  there  was  also  a  similar  trunk  in  rear  of  the  piston, 
which  served  as  a  support  for  the  piston,  allowed  of  access  to  the  gudgeon 
and  connecting-rod  end,  and  preserved  on  equal  area  of  piston  exposed  to 
steam  both  at  back  and  front.  The  direction  of  motion  of  the  orank-pin, 
when  the  engine  was  moving  "  ahead,"  was  so  arranged  that  tlie  thrust  of 
the  connecting-rod  was  upward  ;  consequently,  the  pressure  on  the  cylinder 
walls  was  the  difference,  instead  of  the  sum,  of  the  weight  of  the  piston,  &c., 
and  the  thrust  of  the  rod. 

This  engine  was  the  lightest  and  most  compact  of  all  the  forms  of 
marine  screw  engines,  when  constructed  of  the  same  materials ;  and  for 
very  large  sizes  with  the  lower  steam  pressures  has  been  unsurpassed  by 
any  other  type  of  engine.  The  length  of  stroke  was  considerably  more 
than  that  of  uie  ordimuy  direct-acting  engine,  and  the  connecting-rod  much 
longer  than  that  of  any  other  form,  being  from  two  and  a  half  to  three  times 
the  length  of  stroke;  the  weight  of  the  piston  was  taken  by  the  trunks 
in  great  measure,  and  there  were  no  piston-rod  guides.  But  with  the 
increase  of  pressure  the  defects  of  this  form  became  more  apparent,  and  lie 
with  the  very  part  that  distinguishes  it — viz.,  the  trunks.  The  friction 
of  the  large  stuffing-boxes  was  very  great;  in  fact,  may  be  so  great  by  unduly 
tightening  the  glands  as  to  stop  the  engine.  The  loss  of  heat  from  the  large 
snrf^e  of  the  trunks  being  alternately  exposed  to  steam  and  to  the  atmo- 
sphere was  very  great,  as  was  also  that  from  their  inner  surfaces.  The 
gudgeon  brasses  were  exposed  to  a  very  high  temperature  and  liable  to 
become  heated,  and  when  heated  not  easily  to  be  cooled,  and  were  not 
accessible  for  adjustment;  and,  perhaps  not  least,  the  cylinders  became 
oval  from  the  thrust  of  the  connecting-rod  exceeding  the  weight  of  the 

tlston  when  about  mid-stroke,  and  in  that  position  the  trunks  render  least 
elp,  and  when  the  engines  were  going  "astern"  both  the  thrust  and 
weight  were  on  the  bottom  side  of  the  cylinder,  and  were  united  in  rubbing 
away  the  metal. 


lUHUiL  or  KAima  KMaiNaRnra. 
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The  Betnra  ConuecUiig-Rod  Engine  (figs.  16  and  15a)  wu  the  third  form 
of  the  horizontal  type  formerly  ia  general  use.     It  dinera  chiefly  from  the 


otherB  by  faaTing  the  connecting-rod  on  the  oppoute  side  of  the  crank-shaft 
to  the  cylinder,  there  being  two  piston-rods,  one  above  the  shaft  on  one 
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Bide  of  the  crank,  and  the  other  below  the  shaft  on  the  other  side  of  the 
crank,  and  both  secured  to  a  crosshead,  to  the  centre  part  of  which  the 


connecting-rod  is  coupled.  This  arrangement  admits  of  &  much  longer 
stroke  than  either  of  tne  other  plans,  as  Uie  cylinder  may  be  bo  close  to  the 
shaft  as  to  allow  only  for  the  clearance  of  the  crank,  and  of  a  long  connect- 
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ing-rod,  since  tliere  need  be  nothing  beyond  tbe  crosahead  to  obstraot  its 
traTel.  But  this  is  only  true,  so  far  as  stroke  is  concerned,  in  tbe  case  of 
large  engines,  as,  in  order  to  allov  for  the  two  rodiB,  tbere  it  a  minimum 
limit  to  the  diameter  of  the  piston,  and  if  the  capacity  of  cylinder  be 
limited,  then  the  length  of  stroke  most  be  made  to  suit  this  condition. 
Hence,  in  email  compoaad  engines  it  was  very  difficult  to  preserve  a 
reasonable  ratio  between  the  two  cylinders,  and  bo  it  was  found  in  practice 
that  with  these  engines  the  ratio  was  two  and  three-quarters  to  one,  and 
even  as  low  as  two  and  a  half  to  one,  thereby  very  much  reducing  tbe  good 
results  obtainnble  from  the  compound  system.  One  palpable  objection  to 
this  form  is  the  doable  rods,  necessitating  double  the  number  of  stufiBng- 
bozes,  and  doubling  the  number  of  parts  liable  to  dei'angements,  besides 
preventing  the  main  bearings  being  carried  close  to  the  crank-arms,  as  they 
should  be.  The  eccentric-rods,  also,  are  necessarily  exceedingly  short, 
unless  placed,  as  was  done  by  some  makers,  on  the  same  side  as  the 
connecting-rod,  and  the  working  parts  generally  were  somewhat  cramped. 

It  is  from  considerations  such  as  herein  sketched  out,  that  a  designer 
must  choose  the  kind  of  propeller  to  suit  his  requirements,  and  the  type  of 
engine  to  drive  that  propeller.  None  of  them  are  altogether  free  from 
defects,  and  the  most  successful  selection  will  be  that  one  in  which  the 
good  qaalitiea  are  most  necessary  for  the  particular  service,  and  the  bad 
ones  least  harmful,  and,  as  far  as  possible,  mitigated  by  careful  provision 
in  working  out  the  design.  The  reputation  and  professional  enjoyment 
of  the  engineer  largely  depend  on  his  skill  in  successfully  meeting  the 
deficiencies  in  the  design. 

A  very  large  vertical  type  is  shown  in  Pig.  11,  one  of  the  two  engines 
of  the  screw  steamer  "  Kaiser  Wilhelm  II.,"  which  has  40,000  H.F.  in  alt, 
and  a  speed  of  33J  knots.  This  great  power  is  obtained  by  increasing  the 
number  and  size  of  the  cylinders.  Fig.  12  represents  a  modem  three- 
cylinder  naval  engine  largely  formed  of  steel.  The  large  power  is  obtained 
by  high  revolutions  and  high  steam  pressure.  Fig.  13  shows  a  modern 
torpedo-boat  destroyer  engine,  in  which  a  very  high  power  is  obtained  from 
light  engines  by  combining  an  extremely  high  number  of  revolutions,  a 
large  referred  mean  pressure,  great  care  in  the  design  of  every  part,  and  an 
unusually  low  factor  of  safety. 


CHAPTER  IL 

nORSE-POWKR — NOMINAL  AND  IHDIOATBD. 

When  the  steam-engine  began  to  replace  other  motors,  it  was  soon  found 
necessary  to  introduce  some  unit  by  which  its  power  could  be  expressed 
without  using  such  high  numbers  aa  to  place  it  beyond  the  grasp  of  ordi- 
nary minds.  As  the  engine  was  frequently  taking  the  place  of  norses  to 
work  mining  and  other  machinery,  it  was  only  natural  that  the  work  per- 
formed by  a  horse  should  be  taken  as  the  bssis  for  this  unit  ot  measurement. 
The  number  of  units  of  work  performed  by  the  moat  powerful  dray  horses 
was  found  to  be  33,000,  so  Watt  chose  this  as  the  unit  of  power  for  his 
engines  and  called  it  "horse-power,"  and  this  has  continued  to  be  the 
standard  ever  since,  both  for  land  and  marine  engines. 
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Watt  found  that  the  mean  pressure  uaually  obtained  in  the  cjrlindera  of 
hia  engines  iras  7  pounds  per  square  inch.  He  had  also  fixed  the  proper 
pUton  speed  at  138  x  \J  stroke  per  minute,  and  his  engines  were 
arranged  to  work  at  this  speed,  so  that  he  estimated  the  power  which  would 
be  developed  when  at  work  to  be 

Area  of  piston  x  7  x  128  x  11  stroke  +  33,000. 

The  power  so  calculated  was  called  "Nominal"  because  the  engine  was 
described  as  of  that  power,  and  in  practice  tbat  power  was  actually  obtained. 
But  when  the  boiler  could  be  constructed  so  as  to  supply  steam  above  the 
atmospheric  pressure,  and  the  engine  was  run  with  more  strokes  per  minute 
than  before,  the  powor  developed  exceeded  the  nominal  power,  and  from  the 
name  of  the  instrument  by  which  the  pressure  of  steam  in  the  cylinder  was 
obtained  it  came  to  be  called  the  "Indicated"  Power. 

The  discrepancy  between  Nominal  and  Indicated  Power  has  become  so 
great,  that  for  all  scientific  purposes  the  former  is  utterly  useless,  and  is 
practically  obsolete.  It  remaiun,  nevertheless,  in  full  force  among  some 
manu^tarera  and  users  of  engines,  because  it  better  conveys  the  com- 
mercial value  and  size  than  does  the  actual  power ;  for  since  the  area  of 
the  piston  is  usually  the  only  variable  in  the  expression,  it  follows  that  the 
size  of  the  cylinder,  and  therefore  the  size  of  all  the  other  parts,  must  vary 
directly  with  the  Nominal  Horse-Power.  But  since  Indioatiad  Horse- Power 
depends  on  three  functions — viz.,  area  of  piston,  speed  of  piston,  and  the 
pressure  of  steam — the  value  may  be  altered  by  altering  the  value  of  one  or 
more  of  these,  which  alteration  may  be  material  without  altering  the  com- 
mercial value.  For  example,  an  engine  may  be  made  to  run  at  a  much 
higher  number  of  revolutions,  even  so  as  to  double  its  Indicated  Power, 
without  any  additional  cost  whatever  in  construction. 

The  Admiralty  modified  Watt's  rule  so  as  to  suit  it  to  the  practice  of  the 
early  days  of  steam-navigation,  by  substituting  the  actual  piston  speed 
for  the  arbitrary  one,  and  so 

Admiralty  Nominal )        Area  of  piston  x  speed  of  piston  x  7 
Horse-Power         J  "  33,{M)6 

But  for  many  years  past  the  Admiralty  have  dropped  the  use  of  the 
expression  altogether,  and  before  doing  so  finally,  only  used  it  in  the 
modified  sense  of  being  one-sixth  of  the  Indicated  Power. 

In  the  Mercantile  Marine  the  present  rule  for  Nominal  Horse- Power  is 
by  no  means  uniform,  every  firm  of  manuracturers  having  its  own,  and  all 
more  or  less  arbitrary.  Before  the  introduction  of  the  compoond  engine 
and  increased  boiler  pressures,  it  was  a  very  general  rule  to  allow  30  dreular 
inches  per  N.H.P. — i.e.,  the  rule  waa — 

.J.  „P       (Diameter  of  cylinder  in  inches)* 
a.ii.tr. gg  , 

and  after  that  period  for  compound  engines — D  being  the  diameter  of  the 
low-pressure  cylinder,  and  d  that  of  the  high-pressure — 

».H.P..-^. 

But  neither  of  these  rules  took  into  account  the  length  of  the  stroke 
or  the  boiler  pressure.      To  provide  for  the  latter  some   manufacturers 
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deeroMod  the  diviBor  from  33  to  30,  u  the  pressure  increued  from  60  lbs. 
to  80  Iha.  per  square  inch;  while  others  ooutented  themselves  with  the 
oompensation  obtained  by  decreasing  the  siie  of  the  high-pressure  Gylinder> 
as  the  pressure  was  inoreased.  At  the  present  moment  the  above  rales  hold 
good  in  certain  districts,  and  so  long  as  there  is  a  recognised  standard  for 
the  length  of  stroke  they  are  very  convenient  in  many  ways.  The  competi- 
tion  amoDg  engine- builders,  however,  gradually  destroyed  all  traces  of  aach 
a  standard,  and  the  rivalry  between  the  builders  of  long-stroke  and  the  up. 
holders  of  short^troke  engines  prevented  the  poesibility  of  its  eziateace. 
The  general  adoption  of  the  triple  compound  engine,  however,  caused  the 
qneatton  of  stroke  to  be  removed  from  the  field  of  competition,  and  there  is 
now  again  more  uniformity  in  practice.  Besides  which,  in  some  large 
centres  of  marine  engineering  all  the  makers  have  a  standard  set  of  sizes  of 
cylinders  for  N.H.P.  to  whkh  they  adhere.  In  order  to  meet  the  difficulties 
some  engine-makers  have  adopted  a  rule  for  Nominal  Horse-Power,  based 
on  the  eapaeUy  of  the  cylinder,  and  in  so  doing  have  nearly  met  the  require- 
ment on  which  the  aontiDuance  of  the  expression  depends — viz.,  the  measure 
of  the  commercial  value  of  the  engine ;  but  it  fails,  as  compared  with  the  old 
rule,  to  maintain  a  fixed  or  nearly  fixed  ratio  between  the  N.H.P.  and  the 
I.  H.P.  For  the  power  per  rwolution  depends  on  the  capacity  of  the  cylinder 
so  long  aa  the  mean  pressure  is  the  same  ;  but  since  small  engines  are  usually 
worked  at  a  higher  number  of  revolutions  than  larger  ones,  the  power 
developed  by  the  former  will  bear  a  larger  ratio  to  the  Nominal  Power 
than  will  be  the  case  in  the  latter. 

A  simple  and  tair  rala  for  N.H.P.  is  deduced  as  follows:— D  is  the 
diameter  of  low-pressure  cylinder,  d  that  of  the  H.P.,  (f^  that  of  Uie  M.P., 
and  d^  that  of  the  second  intermediate  of  a  quadruple  engine ;  8  is  the  stroke 
in  inches,  and  D  X  0-65  is  the  sUndard  length  of  stroke.  [-^]  =3;  (-y\ 
K   7   or    thereabouts  in  a  triple  compound ;    in  a  quadruple  compoand 

(?)' -  *'  ©' •*■■  ©' -  2 " "■•"■'«>"«'- 

N.H.P.,Trip,.).^f^^' 

N.H.P.  (Q„d„p,.)  . ''l±_-^'-^'^l±i'. 

Any  change  of  stroke  should  give  a  proportionate  change  of  N.H.P,, 

hence 

N  TT  P       'P  +  d*  +  T}^  8 

"^^     ■^-  30  D  X  0-65' 

Substituting  the  values  of  d,  d^  and  e^  in  terms  of  D,  then 

N.H.P.  ■»  — ^ ^- -  for  a  triple-compound  engine. 


10-6 
Similarly 

N.H.P.  =  - — j^  for  a  compound  enginek 
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No  Nominal  Power  can  be  any  guide  to  the  capabilities  of  the  engine, 
unless  the  power  of  the  boilers  is  also  in  some  way  expressed  or  understood ; 
and  as  it  is  not  easy  to  imt^ine  how  the  former  can  be  introduced  into  any 
expression  which  shall  effect  the  latter,  or  vice  vergd,  the  requirements  of 
Lloyd's  Committee  have  remained  tmfalfiUed,  and  the  Register  now  con- 
tains a  statement  of  the  leading  particulars  of  the  boilers. 

That  there  is  need  of  uniform  practice  in  naming  the  power  of  engines, 
is  apparent  to  everyone  having  to  do  with  steamships,  and  the  Board  of 
Trade  Department,  which  registers  the  power,  tried  to  do  this  by  taking 

dJ  +  d?  +  d^ 
N.H.P.  »  --J 3^ ^, — ^the  old  formnla.     As  this  takes  no  cognisance 

of  stroke  it  was  never  satisfactory ;  the  Department,  however,  is  still 
satisfied  with  it  for  its  purpose,  but  it  is  surely  time  for  it  to  find  some 
other  mle  which  shall  determine  the  rating  of  engineers  and  other  such 
matters,  as  well  as  be  a  fair  Indication  of  the  power  ihe  ship  has  to 
propel  her. 

Estimated  Horae-Fower. — ^As  it  is  necessary  that  a  power  be  named 
for  an  engine  which  shall  enable  unprofessional  men  to  judge  of  its  capa- 
bilities, the  better  plan  would  be  to  revert  to  the  principle  of  Watt^  who, 
as  has  been  shown,  attempted  to  define  the  power  which  the  engine 
was  actually  expected  to  develop,  and  have  some  mle,  therefore,  which 
shall  give  approximately  the  Indicated  Horse-Power.  It  would,  of  course, 
be  far  better  to  register  the  I.H.P.,  but  as  it  is  not  always  possible  to  obtain 
this,  the  next  best  method  is  to  estimate  it,  and  call  it  tiie  Estimated  Horse- 
Power,  or  E.H.P. 

The  following  rule  will  give  approximately  the  horse-power  developed 
by  a  compound-,  triple-,  or  quadruple-expansion  engine  made  in  accordance 
with  modem  practice : — 

7500 

Where  D  is  the  diameter  of  the  low-pressure  cylinder,  p  the  boiler  pressure, 
R  the  number  of  revolutions  per  minute,  S  the  stroke  of  piston  in  feet. 

For  Example. — To  estimate  the  Indicated  Horse-Power  of  an  engine 
having  cylinders  30  ins.,  i8  ins.,  and  80  ins.  diameter  and  48-ius.  stroke, 
revolutions  76,  and  boiler  pressure  lUO  lbs. 

-  3430. 

Engines  designed  for  economic  working  and  having  a  high  rate  of 
eipanMon  do  not  develop  so  much  I.H.P.  as  the  KH.P.  found  by  this 
mle ;  but  the  difference  will  not  exceed  10  per  cent.  ;  it  must  also  be 
borne  in  mind  that  the  engines  could  indicate  the  E.H.P.  if  the  cut-off 
was  increased. 

Aa  some  shipowners  still  enquire  for  engines  of  a  certain  nominal  horse- 
power, and  this  is  generally  based  on  an  allowance  of  so  many  circular 
'inches  per  horse-power,  the  following  rules  may  be  followed  for  finding 
the  diameters  of  ttie  cylinders.  Let  D  he  the  diameter  of  the  low-preasnre 
cylinder,  and  d  that  of  the  high-pressnre,  r  the  ratio  of  the  capacity  of  the 
low  to  (Jie  high,  and  n  the  allowance  of  circular  inches : — 


E.H.P.  . 


i^oc; 


Ki^lc 


Now,  I 
and 
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N.H.P.-^li^'. 

n 

D*  -  rd*;  N.H.P.  -  {d*  +  rd*)  -^  n, 
diaiiiet«r  of  high-presaura  cylinder  =  W    '    '    ' 


diameter  of  low-pressure  cylinder  =  d  Jr. 
ExampU. — To  find  the  diameter  of  the  cylinders  of  a  triple  compound 
eogine  of  200  N.H.P. ;  the  ratio  of  low-pressure  cylinder  to  the  high- 
pressure  being  6,  and  the  allowance  30  oircular  inches  ; — 


Diameter  of  high-pressure  cylinder  —  ■*/— i r—  =  29'27  inches, 

diameter  of  low-pressure  cylinder  =  e9'27  x  J6  =  717  inches. 

Many  other  rules  have  been  propounded  for  N.E.P.,  some  of  which  are 
ingenious,  bat  impracticable,  while  others  fail  to  give  results  of  any  value 
whatever,  so  that  neither  class  needs  notice  hero;  but  it  may  be  mentioned 
that  when  non-condensing  engines  were  more  used  in  steamships  than  they 
are  at  present,  it  was  found  necessai^  to  have  a  special  rule  for  them,  which 

».H.P.  =  2i|^ 

D  being  the  diameter  of  the  cylinder  in  inches,  and  S  the  stroke  in  feet. 

Indicated  Horse-Power  may  be  defined  as  the  measure  of  work  done  in 
the  cylinder  of  a  steam -engine,  as  shown  from  the  indicator-diagrams,  and 
only  falls  short  of  the  actual  work  by  such  small  losses  as  are  caused  by 
the  friction  of  the  pin  or  pencil  against  the  paper,  the  friction  of  its  working 
parts,  and  that  in  the  pipes  or  passages  connecting  the  indicator  to  the 
cylinder.  The  latter  discrepancy  is  by  far  the  most  im|)ortant,  and  is 
sometimes  serious  in  very  long  stroke  engines,  where  the  indicator  pipe  is 
several  feet  long.  The  others,  in  the  hands  of  a  skilful  operator,  are  not 
BO  serious,  certainly  not  in  marine  engines  to  the  extent  stated  by  Mr. 
Him,  who  lays  he  found  the  Indicated  Horae-l'ower,  owing  to  losses  in 
the  diagram  from  the  friction  of  the  indicator,  to  correspond  with  the 
lu^tU  work  done  by  the  engine. 

The  Indicator-Dlt^am. — The  diagram  itself  shows  only  the  pressure 
of  steam  acting  on  the  piston  at  any  and  every  part  of  its  stroke ;  but 
from  it  may  be  calculated  the  mean  effective  pressure  acting  during  that 
stroke,  and  it  is  assumed  that  the  particular  diagram  measured  is  only 
a  sample  of  what  might  hare  been  taken  at  every  stroke,  so  that  the  mean 
pressure  thus  calculated  is  the  force  acting  on  the  piston  during  the  whole 
period  of  its  motion  in  which  the  power  is  taken — usually  one  minute. 
Hence,  Indicated  Horse-Power  =  area  of  piston  in  inches  x  mean  pressure 
in  lbs.  per  square  inch  x  number  feet  travelled  through  by  the  piston  per 
minute  -^  33,000. 

This,  of  course,  applies  only  to  double-acting  engines,  as  in  single-acting 
engines  the  pressure  is  acting  only  half  the  time  on  the  piston,  and  hence, 
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Instead  of  taking  the  oUmber  of  feet  travelled  through  hj  the  piatoa  per 
minate  as  the  multiplier, — the  Itnglh  oj  stroke  in  feet  x  nutiAer  of  itrolcet 
per  minttte  shonld  be  substituted. 

MeaD  PresBOre. — The  mean  pressure  is  usually  obtained  by  dividing  the 
indicator-diagram  hj  a  number  of  equidistant  ordinates  perpendicular  to 
the  atmospheric  line,  and  bo  placed  that  the  distance  of  the  first  and  last 
from  the  extreme  limits  of  tbe  diagram  is  half  the  distance  between  two 
consecutive  ones ;  the  sum  of  their  lengths,  intercepted  by  the  diagram, 
divided  by  their  number,  gives  tbe  mean  length,  and  this,  referred  to  the 
scale  on  which  the  dit^ram  was  drawn,  will  give  the  mean  pressure.  To 
illustrate  this  : — tig.  16  is  an  indicator-diagram  whose  length,  A  X,  is,  say, 
5  inches,  and  taken  with  a  spring  requiring  a  pressure  of  30  lbs.  per  square 
inch  to  compreaa  it  1  inch ;  so  that  if  M  L  is  2  inches,  it  represents  a 
pressnre  of  60  lbs. ;  and  if  B  L  is  2^  inches,  it  signifies  that,  at  the  point 
li,  the  pressure  on  the  piston  was  2|  x  30  lbs.,  or  75  lbs.  per  square  inch 
L      N 


0     E 

Fig.  16. — Indicator-Diagram, 
above  the  line  A  X,  which,  in  this  case,  shall  be  the  line  of  no  preentre,  and 
hence  is  76  lbs.  c^iolute,  or  60  lbs.  above  the  atmospheric  pressure.  Now, 
for  convenience  of  division,  let  there  be  10  ordinates  enclosing  9  spaces-^ 
since  there  is  to  be  a  half  space  at  each  end,  there  will  be  in  all  equal  to 
10  spaces — so  that  the  distance  between  the  ordinates  is  5  inches  -r-  10,  or 
half  an  inch.  Meaeure  off  A  B  =.  i  inch ;  B  C,  C  D,  D  E,  &a. ,  each  -  ^  inch, 
and  at  B,  0,  D,  E,  ice,  draw  perpendicular  lines,  cutting  the  diagram  at 
ML,ON,Ac.,TZ.  Then(ML-^ON -I-&C.  .  .  .  .  +  YZ)~10-a! 
inches,  and  a;  x  30  is  tbe  mean  pressure  of  the  diagram. 

This  diagram  is  from  one  side  of  the  piston  only,  and,  when  one  only  is 
obtainable,  it  is  Sometimes  assumed  to  represent  both,  and  the  mean 
preasure  thus  obtained  used  to  calculate  the  power;  but  it  seldom  happens, 
although  it  is  much  to  be  desired,  that  the  mean  pressure  is  preoiaely  the 
same  on  both  sides  of  the  piston,  consequently,  any  result  obtained  in  this 
way  is  not  satisfactory.  If  the  effective  area  of  the  piston  is  the  same  on 
both  ita  sides — that  is,  if  there  is  the  same  area  on  which  the  steam  acts 
to  propel  the  piston  forward,  on  the  one  side  as  on  the  other— -the  mean 
pressure  found  from  the  diagram  taken  from  tbe  one  aide,  may  be  added  to 
that  found  from  the  diagram  taken  from  the  other,  and  divided  by  2  to  give 
the  true  mean  pressure  per  revolution. 

Professor  Rankine  shows  that  the  diagram  should  be  divided  from 
A  to  H  by  ordinates  equidistant  apart,  and  the  mean  obtained  by  tbe 
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following  rule : — L°t  n  be  the  number  of  luch  divisions  (nsuallj  10), 
V KK^t  •  ■  ■  f**  t^«  lengths  of  the  ordin&tes  intercepted  hj  the  diagram : 
then 


Me&n 


length  -  {-'-n — -  +  fr,  +  i,  +  Ac,  .  .  .  +  6.  _  i )  -r  n 


The  chief  objection  to  this  is  that,  in  actual  practice  (.  would  be  always 
without  value,  and  6,  either  without  value,  or  bo  difficult  to  measure  as  to 
cause  differences  of  opinion  as  to  ite  value. 

Another,  and  a  very  ready  way  of  obtaining  the  mean  pressure,  is  by 
measuring  the  arta  of  the  diagram  by  a  planimeler,  and  dividing  it  by  the 
length  A  N,  the  result  being  the  mean  breadth  as  before,  and  this  multi- 
plied by  the  scale  of  lbs.  of  the  spring  will  give  the  mean  pressure.  This 
is,  of  course,  the  quickest  plan,  and  the  most  accurate,  as  being  mechanical; 
and  where  many  diagrams  have  to  be  calculated  with  despatch,  it  is  very 
advisable  to  have  a  good  planimeter.  Special  planlmeters  are  now  made 
for  this  purpose. 

Id  whatever  way  the  mean  pressure  be  measured,  it  forms  the  basis  of 
calculation  of  actual  energy,  or,  as  it  has  been  called.  Indicated  Horse- 
Power,  and  is  therefore  of  the  utmost  importance  since  most  modem 
formulie  bearing  on  marine  machinery  and  marine  propulsion  are  based  on 
I.H.P.  Henoe,  any  error  in  taking  the  diagrams  must  lead  to  errors  in 
design  from  calculations  by  formuin  based  on  false  premises;  this  should 
always  be  borne  in  mind  by  the  operator,  on  whose  skill  and  care  a  good 
and  true  diagram  depends  as  much  as  on  a  good  instrument.  It  would  be 
a  very  valuable  quality  in  an  indicator,  to  be  able  to  give  the  ute/nl  toork 
of  the  engine,  as  was  stated  by  Mr.  Him  to  be  the  case  generally;  but  it  is  a 
qnnlity  which  no  instrument  can  possess,  inasmuch  as,  with  the  same 
cylinder  performance,  there  may  be  a  great  variety  of  actual  parformaneet 
of  the  engine,  depending  on  the  efficiency  of  the  various  parts,  and  the 
indicator  only  gives  this  cylinder  performance.  Could  the  effective  power 
be  easily  obtained  as  it  is  with  electric  generating  engines,  a  great  benefit 
would  be  conferred  on  engineers  in  making  calculations,  Ac,  and  in  deter- 
mining the  best  make  and  design  of  engine.  The  precUe  power  absorbed 
in  overcoming  the  resistance  of  the  working  parte  of  a  marine  engine 
cannot  be  measured ;  for  if  the  engine  be  allowed  to  run  without  load,  it  is 
not  running  in  the  »ame  state  as  when  rnnninK  with  its  load;  and  any 
diagrams  twcen  then  cannot  show  what  is  the  Toss  from  friction,  &&,  on 
the  guides,  journals,  pistons,  and  valves  when  running  with  the  increased 
pressure  on  them  due  to  the  increased  pressure  on  the  piston  with  the  load. 
Uince  tiie  efficiency  of  an  engine  very  much  depends  on  the  resistance  on 
these  parte,  any  calculation  or  formula  which  excludes,  or  does  not  give  due 
allowance  to  this,  is  utterly  valueless  and  misleading.  Hence,  it  is  false  to 
assume  that  the  power  absorbed  by  an  engine  in  overcoming  ite  resistance 
is  measured  by  the  power  indicated  when  running  without  load, — as  it  is 
possible  for  an  inefficient  engine  to  show  a  high  efficiency  when  tested 
in  this  manner.  It  is,  however,  true  that  a  large  portion  of  the  resistance 
is  the  same,  or  practically  the  same,  when  the  engine  is  running  at  the 
same  number  of  revolutions  with  and  without  load.  The  motional 
resistance  of  glands,  pistons,  pumps,  tunnel  shaft  journals,  high-pressure 
piston  valve,  and  sundry  sm^  gear,  is  the  same  per  revoiution  at  any 
speed,  whatever  be  the  load,  or  power  developed.     The  total  resistaoM 
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or  noQ-useful  work  of  engines,  therefore,  probably  varies  with  tlie  revola- 
tions. 

EffldeBcy  of  the  Engiiifl. — The  efficiency  of  the  marine  engine  is  affocted 
by  caasee  wbich  may  be  classed  under  three  headings,  viz. : — 

I    IjosseB  aa  a  "  heat "  engine. 
II.  Losses  as  a  machine. 
III.  Losses  due  partly  to  mechanical  defects  and  partly  to  physical 

L  As  a  Heat  En^ne,  iia  efficiency  will  depend  in  great  measure  on  the 
limits  of  temperature  between  which  it  works.  The  lower  limit  is  fixed 
from  practical  considerations  at  about  160*  Fahr.,  being  the  temperature 
due  to  5  lbs.  pressure  ahsoluie,  which  is  as  low  as  is  convenient  for  the 
expansion  oi  steam  in  a  compound  engine,  but  lower  generally  obtains  with 
turbines.  If  steam  of  80  lbs.  gauge  pressure,  or  95  lbs.  absolute,  be 
expanded  eight  times,  the  terminal  pressure  will  be  about  12  lbs.  absolute 
theoretically,  and  about  10  lbs.  in  practice;  the  temperature  corresponding 
to  10  lbs.  absolute  is  193°  Fahr.,  and  that  corresponding  to  96  lbs.  i*  321*. 
An  engine  working  under  these  circumstances  will  be  worlnng  between  the 
limits  of  324*  and  193',  absorbing,  so  to  speak,  131°  and  rejecting  193°,  or 
rejecting  more  than  it  absorbs.  Such  were  the  conditions  on  which  the 
great  bulk  of  marine  engines  were  working  when  at  "  full  speed,"  and  when 
working  most  economically  they  absorbed  another  30*  of  the  193'  otherwise 
rejected.  The  loss  is  not  so  great,  however,  as  appears  at  first  sight,  for 
since  the  condensed  steam  is  (by  means  of  the  surface  condenser)  returned 
to  the  boiler  as  feed-water,  at  a  temperature  of  120°,  it  is  only  so  far  as 
temperaivre  is  concerned  73*  at  full  speed  and  43*  at  economical  speeds. 

But  the  steam  engine  differs  from  the  theoretical  heat  engine  in  the  fact 
that  the  gat,  steam,  is  converted  into  the  li^id,  water,  in  the  cycle  of 
operations;  and  to  effect  that  change  it  must  be  robbed  of  its  latent  heat, 
or  that  heat  which  was  consumed  in  overcoming  the  molecular  attraction 
of  the  water,  and  stored  up  as  potential  energy  in  the  atoms  of  the  steam. 
This  amounts  to  967*  Fahr.  at  the  boiling  point,  under  atmospheric 
pressure,  and  979'  at  10  lbs.  pressure  absolute.  Hence,  when  the  ordinary 
marine  engine  is  working  with  a  pressure  of  80  lbs.  and  expanding  the 
■team  eight  times,  it  rejects  193*  apparent  heat  and  979°  latent  heat,  or  a 
total  of  1172°,  and  returns  to  the  boiler  again  120°,  leaving  a  balance  of 
1052°  lost;  so  that  each  pound  of  steam  gives  up  1052°  x  772  -  812,144 
foob-lbe.,  or  24-6  horse-power. 

In  moh  an  engine  2  lbs.  of  coal  per  hour  will  be  required  for  each 
Indicated  Horse-Power,  and  as  each  pound  of  coal  will  produce  about  8  lbs. 
of  steam,  the  quantity  of  steam  per  horse-power  per  hour  will  be  8  x  2  =  16; 
and  the  quantity  per  minute  16  -i-  60,  or  0*266  lb.  So  that  1  lb.  of  steam 
from  the  boiler  will  produce  only  1000  -^  266  =  3*76  liovee-power  in  the 
cylinder;  and  when  it  leaves  the  cylinder  it  has  potential  energy  equal  to 
24'6  horse-power,  which  cannot  be  utilised,  The  investigations  as  to  the 
efficiency  of  the  steam-engine  as  a  heat  engine  have  been  fatly  gone  into  by 
Professor  Rankine  in  his  work  on  the  Steam  Engine,  and  should  be 
thoroughly  stndied  there.  Although  it  is  not  a  branch  of  <^e  subject 
which  need  be  dwelt  on  at  any  great  length  in  a  work  of  this  kind,  it  is 
necessary  to  point  out  how  great  a  loss  takes  place  from  this  cause,  to 
account  for  the  apparent  inefficiency  of  the  engine  when  gauged  by  the 
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consumption  of  ftaeL  No  attempt  to  effect  economy  by  s&ving  thia  rejected 
heat  has  met  irith  any  great  or  lasting  saccess. 

The  Steam  and  Euier  Engine,  in  vrhich  ether  was  used  to  oool  the  steam 
in  the  condenser,  so  that  the  surface  condenser  for  the  steam  became  a 
tabulous  boiler  for  the  ether — which,  when  vaporised,  did  work  in  a  second 
cylinder,  and  was  itself  condensed  finally  in  a  second  surface  condenser 
(oooled  by  water) — was  a  success  so  far  as  utilising  the  waste  hoat  ia  con- 
cerned ;  but  it  &Ued  in  practice,  aa  can  be  easily  imagined.  Its  success 
was  baaed  on  the  fact  that  ether  vaporisea  at  a  temperature  of  96*  Pahr. 

The  most  successful  attempts,  however,  have  been  those  of  limited 
scope,  such  as  making  use  of  waste  heat  to  raise  the  tomper&ture  of  the 
feed-water,  when  a  very  small  saving  of  heat  ia  effected,  but  a  great  benefit 
obtained  in  the  increased  efficiency  of  the  boiler.  Seeing  how  little  can  be 
done  at  the  lower  limit  of  temperature,  practical  mioda  have  concentrated 
their  energy  upon  improving  the  efficiency  of  the  engine  by  raising  the 
higher  limit  of  temperature. 

Trevithick  was  the  first  engineer  to  move  in  this  direction,  and,  not- 
withstanding that  his  engines  were  non-condensing,  and  hia  boilers  far  from 
being  efficient  generators,  he  succeeded  in  proving,  by  their  superior 
economy  of  fuel  over  the  low-presaure  engines  of  Watt,  that  steam  of  high 
piessure  could  be  used  advantagoooaly.  This  ia  easily  seen  when  the  limit 
of  temperatures  of  the  one  kind  of  engine  is  compared  with  that  of  the 
other. 

It  has  been  stated  that  Watt  expected  a  mean  pressure  of  7  lbs.  per 
square  inch,  when  using  steam  at  atmoapheric  pressure,  or  15  lbs.  absolute. 
If  the  mean  back  pressure  were  6  lbs.,  the  cut-off  of  steam  in  the  cylinder 
at  about  half  of  the  stroke,  7  lbs.  mean  pressure  would  be  obtained,  and 
oonaequently  the  terminal  pressure  would  be  75  lbs.;  so  that  Watt's  engine 
may  be  aaid  to  have  worked  between  180*  and  212*,  or  with  a  range  of  33* 
only.  Trevithick,  on  the  other  hand,  is  said  to  have  used  steam  at  60  lbs. 
pressure,  and  if  hia  engines  were  arranged  to  cut  off  at  half-atroke,  the 
terminal  pressure  would  be  (60  +  15)  -i-  2  or  37'5  lbs.,  and  therefore  would 
work  between  the  limits  of  263*  and  307*,  or  with  a  range  of  41*.  Siaoe, 
however,  the  steam  at  commencement  of  exhaust  would,  in  this  latter  case, 
be  at  a  pressure  of  22  lbs.  above  that  of  the  atmosphere,  it  is  probable  that 
so  shrewd  an:  observer  as  Trevithick  would  perceive  thia  to  be  very  waste- 
ful, especially  in  a  county  (Cornwall)  having  no  coal  mines,  and  he  would, 
therefore,  expand  the  ateam  more  than  twice.  If  he  did  so,  even  to  the 
extent  of  three  times,  the  terminal  pressure  would  then  be  25  lbs.  absolute, 
and  the  limits  of  temperature  240°  and  307*,  thus  getting  a  range  of  67*, 
or  more  than  twice  that  of  Watt.  In  msdiiug  this  comparison  round 
numbers  only  have  been  taken,  and  no  allowance  made  for  the  warm  feed- 
water  obtained  from  the  hotwells  of  Watt's  engine,  as  the  data  on  which 
to  make  comparisons  are  wanting,  especially  those  from  the  performance  of 
Trevithick's  engines.  It  is  known  that  Trevithick  joined  with  Woolf  ia 
introducing  the  compound  engine,  which  system  wss  probably  suggested  by 
the  energy  still  possessed  by  the  steam  when  exhausting  from  the  engine 
invented  by  the  former. 

Since  Trevithick's  day  the  non-condensing  engine  has  disappeared  from 
competition  with  the  condensing  engine,  both  in  pumping  water  from  mines 
and  in  driving  the  propellers  of  steamships;  but  in  the  locomotive  and 
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otiier  kindred  ragines  it  has  been  developed  &nd  renuina  nmiT&lled,  because 
beyond  competition  with  engines  reqairing  condensers.  Steam  of  higher 
pressnreG  than  be  ever  dreamt  of  is  now  being  used  both  in  condensing  and 
non-condensing  engines;  and  althongh  at  present  the  limit  for  marine 
engines  of  large  power  in  the  mercantile  marine  is  about  200  lbs.,  there 
are  in  the  Navy  marine  engines  working  at  250  lbs.  pressure,  of  all  sizes 
from  30,000  I.H.P.  to  1500  I.H.P. 

Hl^  Fressore:  its  Adraatages  and  DlBftdrantogeB. — Before  the  intro- 
dnction  of  the  componnd  engine  for  marine  purposes,  the  boiler  pressure  had 
been  as  high  as  60  lbs.  in  large  steamers,  notably  in  H.M.  service,  with  the 
non-condensing  engines  of  20O  N.H.P.,  fitted  in  some  line-of-battle  ships 
during  the  Russian  war ;  bat  when  the  compound  engine  secured  the  con- 
fidence of  all  classes  of  steamship  owners,  that  pressure  was  very  much 
exceeded  with  beneficial  results. 

Prior  to  the  general  use  of  the  triple-compoond  engine  90  lbs.  was  a  very 
common  pressure,  and  many  ships'  boilers  were  made  for  a  working  pressure 
of  100  lbs.,  and  a  few  for  as  high  as  110  lbs.  The  triple- com  pound  engine 
was  for  a  long  time  worked  with  steam  of  IGO  lbs.;  Uien  166  lbs.  became 
the  fashionable  pressure,  to  be  soon  supersedf^  by  175  lbs.;  and  now  200 
lbs.  is  very  general,  ulthough  the  economic  gain  by  going  from  150  to  200 
Ibe.  is  questioned  by  many  engineers  who  have  made  careful  obseryations  of 
all  the  conditions  involved  in  the  change. 

The  objection  to  still  higher  pressures  was  one  of  a  practical  nature,  but 
has  now  been  overcome,  so  tbat  superheated  steam  to  600*  Fahr.  may  be 
osed.  Steam  at  a  pressure  of  250  lbs.  absolute  has  a  temperature  of  401* 
Fahr.,  or  nearly  that  of  the  melting-point  of  tin.  It  will,  therefore,  affect 
the  condition  of  some  of  the  metals  with  which  it  comes  in  contact,  render- 
ing the  surfaces  brittle  and  in  a  bad  condition  to  withstand  rubbing.  More- 
over, common  unguents  are  vaporised,  and  the  walls  of  the  cylinders 
become  too  hot  to  condense  their  vapour  when  exposed  to  so  high  a 
temperature;  the  heavy  mineral  oils  now  used,  however,  have  a  boiling 
point  of  700°  Falir. ;  the  difference  of  expansion  of  different  metals  is  so 
considerable,  that  the  utmost  care  must  be  exercised  in  the  design  and 
manufacture  of  the  cylinder,  &c.,  to  prevent  leakages  and  breakages.  The 
pressure  necessitates  considerable  thickness  in  all  cast-iron  work ;  and, 
neglecting  all  considerations  of  weight  or  cost,  this  alone  constitutes  a 
source  of  objection  and  danger,  inasmuch  as  the  sudden  exposure  of  thick 
masses  of  this  metal  to  high  temperatures  on  one  side  only  is  sure  to 
distort,  and  veiT  likely  to  fracture  it.     The  liability  to  leakage  is,  of  course, 

^ter  with  the  higher  pressure,  independent  of  temperature,  and  the 
;er  to  ihe  attendants,  from  even  smalt  explosions,  is  very  much  increased. 
Again,  in  order  to  expand  steam  at  this  pressure,  so  as  to  obtain  from  it 
the  maximum  power,  it  will  be  found  necessary  to  use  many  cylinders ; 
and  although,  as  will  be  shown  later  on,  the  engine  with  four  stages  is  not 
without  virtue,  a  larger  number  will  not  commend  itself  to  engineers 
generally  for  engines  of  the  smallest  and  largest  sizes.  Tn  practice,  it 
has  been  found  that  an  engine  can  be  worked  with  steam  of  much  less 
pressure  than  mentioned,  but  superheated  to  the  temperature  corresponding 
to  the  higher  pressure,  and  be  more  economic  and  efficient  than  a  similar 
one  working  with  the  higher  pressure  of  steam. 

"She  advocates  of  very  high  pressures  seem  to  overlook  the  fact  that  a 
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eteamship  owner  has  other  me&na  of  testing  the  efficiency  of  an  engine 
besides  that  of  consumption  of  cosilpar /.^./'.  The  owner  looks  rather  to 
the  consamption  of  coal  per  ton  carried,  and  he  may  find  that  the  saving 
effected  in  the  wear  and  tear  account  would  oft«n  pay  for  a  large  amount  of 
coal ;  further,  while  imDiumty  from  break-down  and  delay  is  a  subject 
which  no  engineer  can  afford  to  dismiss  under  any  circumstances  from  his 
serious  consideration,  in  many  servioes  it  is  a  matter  of  vital  importance. 
To  grasp  thoroughly  the  value  of  such  economics  as  may,  under  (avourabte 
conditionB,  be  effected,  take  the  case  of  an  Atlantic  cargo  steamer  of  3000 
I.E. P.,  doing  a  voyage  in  nine  days.  Suppose  the  nominal  saving  to  be 
effected  is  two-tenths  of  a  lb.  per  I.H.P.,  and  that  twelve  voyages  per 
annum  are  accomplished.  The  consumption  of  fuel  should  consequently  be 
COO  lbs.  per  hoar  less,  and  the  coal  saved  in  a  twelvemonth  should  be  1392 
tons,  which,  at  12b,  6d.  per  ton,  amounts  to  £870.  On  the  other  band,  the 
wear  and  tear  repair  and  store  acoount,  with  engines  and  boilers  using 
steam  of  350  lbs.  pressure,  will  be  considerably  more  than  with  engines  of 
the  same  power  working  at  150  lbs.  This,  together  with  the  iaterest  and 
depreciation  on  the  extra  cost  of  the  machinery,  will  probably  exceed  the 
above  sum  of  money. 

By  saperiieftting  the  SteaiU  the  temperature  is  raised  very  considerably 
beyond  that  due  to  the  pre.-sure,  and  in  this  way  the  limit  of  temperature 
was  extended  without  increasing  the  pressure.  Steam  treated  in  this  way 
is  capable  of  considerable  expansion  without  liquefaction  resulting,  even  in 
uujacketed  cylinders ;  and,  as  the  extra  heat  supplied  to  the  steam  is  what 
would  otherwise  have  been  wasted,  considerable  economy  can  be  effected 
in  engines  using  superheated  steam. 

Superheating  is  likely  to  come  again  into  fashion  with  good  results. 
Metallic  packing  in  the  glands,  pis  ton- valves,  and  carefully  fitted  pistons 
have  paved  the  way  for  it,  and  at  all  events  removed  tlie  chief  objections  to 
its  use.  Elecbrical  engineers  have  found  great  advantage  both  in  the  slow- 
running  and  in  the  quick-running  generating  engines  at  central  stations 
of  using  steam  very  highly  superheatM. 

II.  Effidency  of  the  Engijie  as  a  Machine. — The  marine  engine  suffers 
loss,  in  common  with  all  machines,  from  certain  physical  causes  beyond  the 
absolute  control  of  the  most  skilful  designer,  ancl  engineers  can  only  aim  at 
mitigating  the  evil,  without  entirely  overcoming  it.  The  chief  cause  of  loss 
of  energy  is,  of  course,  friction  (1)  of  the  piston,  (2)  of  the  stuffing-boxes, 
(3)  of  the  guides  and  slides,  (4)  of  the  sbafi  journals,  (C)  of  the  valves  and 
valve-motion.  Another  source  of  loss  is  that  from  the  resistance  of  the 
pumps ;  and,  finally,  must  be  mentioned  the  inertia  of  the  moving  parte, 
which  have  a  reciprocal  action,  as  in  the  piston  and  rods.  Unless  the 
momentum  is  balanced,  or  the  energy  imparted  at  one  part  of  the  stroke 
and  stored  in  the  heavy  moving  masses,  is  given  out  wholly  by  the  end  of 
the  stroke,  a  serious  loss  ensues,  and  the  mechanism  has  to  sustain  the 
strain  of  forces  which  might  be  usefully  employed. 

1.  The  Friction  of  the  Piston  in  the  vertical  engine  depends  on  the 
pressure  of  the  packing  on  the  sides  of  the  cylinder  ;  so  tha^  if  the  piston 
were  solid  and  simply  a  good  fit,  there  would  theoretically  be  no  friction, 
and  in  practice  none  beyond  that  due  to  the  viscidity  of  the  unguent  and  to 
the  pressure  on  the  sides  of  the  cylinder  from  the  rolling  and  general 
motion  of  the  ship.     This  is  what  is  required  in  a  piston,  and  that  one  ia 
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most  Hearty  perfeot  whioh  is  capable  of  mOTing  steam-tight  in  the  cylinder 
with  least  presaure  of  the  packing,  and  lo  apprezimatea  to  the  condition  of 
a  solid  one.  Resistance  due  to  this  oanae  has  been  reduced  to  &  minimnm 
in  modem  eagines  by  care  in  maoDfiMtnre  and  skill  in  design ;  the  cylinder 
is  now  truly  and  smoothly  bored  from  end  to  end,  the  metal,  which  should 
be  hard  and  close-grained,  soon  becomes  polished  and  glazed,  and  in  the 
best  possible  condition  for  smooth  working ;  the  packings  of  the  piston  are 
metallic,  and  the  methods  of  pressing  out  the  packing-ring  such  as  to  ensure 
a  uniform  and  even  pressure  of  small  m^nitnde.  The  loss  from  packing 
the  pistons  too  tightly  may  become  very  great,  and  too  much  care  oannot  be 
exercised  in  attending  to  this  moat  important  part  of  the  engine. 

In  horizontal  and  diagonal  engines,  the  weight  of  the  piston  pressing 
on  the  side  of  the  cylinder  causes  friction,  and  as  the  cylinder  wears  in 
consequence  more  on  the  bottom  than  the  top,  it  gets  out  of  shape,  thus 
necessitating  more  pressure  on  the  packing-ring  to  maintain  steam'tight 
contact,  and  thereby  increasing  the  friction.  The  arrangements  necessary 
for  carrying  the  weight  of  the  piston  prevent  all  the  better  forms  of  piston 
rings  and  springs  from  being  adopted  in  horizontal  engines ;  so  that  the 
friction  of  pistons  alone  renders  this  engine  less  efficient  than  the  vertical 
form.  The  most  important  improvement  effected  of  late  years,  tending  to 
the  better  working  of  horizontal  engines,  has  been  making  the  piston  solid 
and  of  steel ;  in  this  way  the  weight  has  been  very  materially  reduced,  and 
the  strength  increased  in  the  same  proportion  ;  the  frevenlion  by  this  plan 
is  better  than  the  cwee  attempted  by  guide-rods,  Ac. 

2.  1^6  Friction  of  Stnfflng-BoxeB. — Since  the  use  of  the  higher  pressures 
of  steam  this  has  become  a  very  considerable  factor  in  the  consideration  of 
engine  efficiency.  It  is  erfcremely  variable,  and  depends  so  much  on  the 
care  and  Judgment  of  the  attendants,  that,  however  carefully  these  parts  may 
have  been  designed  and  constructed,  their  good  working  is  entirely  beyond 
the  control  of  the  designer.  The  manufacture  of  a  good  and  reliable 
metallic  packing  at  reasonable  rates  has  removed  to  a  large  extent 
this  difficulty,  so  that  now  the  glands  of  the  high-pressure  and 
medium-pressure  cylinders  are  almost  invariably  fitted  with  some  form  of 
metallic  packing;  and  even  those  of  the  low-pressure  cylinder  are  bo  treated 
in  all  important  steamers,  especially  those  of  large  size,  although  some 
engineers  still  prefer  good  v^etable  packing  for  them.  That  the 
resistance  may  be  very  considerable  is  proved  by  the  fact  that  the  old 
trunk  engines  could  be  stopped  by  tightening  the  trunk  glands,  and  even  in 
the  ordinary  piston-rod  engine  the  speed  may  be  seriously  retarded  by  the 
same  process.  The  glands  should  never  be  so  tight  that  the  rods  are  rubbed 
absolutely  dry  in  passing  through  them.  For  the  efficient  working  of  the 
engine  it  is  better  that  a  faint  leakage  of  vapour  should  pass  out  with  the 
rod,  as  that  is  generally  an  indication  of  the  packing  being  only  tight 
enough,  and  the  moist  vapour  lubricates  the  packing  and  keeps  it  soft  when 
of  vegetable  composition. 

3.  The  Friction  of  the  Goidea  and  Slides  is  now,  perhaps,  the  least 
important  in  the  everyday  experience  of  the  losses  to  which  an  engine  is 
liable  ;  as  those  parts  may  be  said  to  design  themselves,  and  they  are  in  such 
a  position  as  to  command  the  attention  of  the  engineer  ;  they  are  also,  as  a 
mle,  easily  lubricated.  In  most  classes  of  engines  the  piston-rod  guide  is 
the  chief  one  for  consideration,  and  since,  from  the  form  of  the  rod-end,  it  is 
nearly  impossible  to  give  too  small  a  surface  to  the  ihoe,  it  is  seldom  found, 
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even  in  badly-deugned  engines,  to  give  much  trouble ;  but  in  certain  forms 
of  engine  this  is  not  slways  so,  utd  then  oare  bss  to  be  taken  both  in  design- 
ing snd  attending  to  the  guides.  The  maximum  pressure  on  the  piston-rod 
guide  of  a  marine  engine  is  nsuallf  from  two  to  three-tenUis  of  the  load  on 
the  piston,  and  supposing  the  ratio  of  maximum  to  mean  to  be  150,  and  the 
ooeffioient  of  friotion,  under  good  circumstances,  probably  not  less  than  0-05, 
then 

Resistance  of  guide  =  0-01  to  0-015  x  '"^  ^00"**"'' 

which  means  that  from  two-thirds  to  one  per  cent,  of  the  energy  of  the  piston 
is  of  necessity  consumed  in  overcoming  the  friction  of  this  one  guide. 

Improvements  in  the  manu&ctore,  and  choice  of  saitable  metals  for 
guides,  have  very  sensibly  diminished  the  loss  from  this  cause ;  besides 
which,  the  pressure  on  the  guides  is  reduced  by  making  the  connecting-rod 
longer  ia  proportion  to  the  stroke.  When  cast-iron  hsa  become,  by  robbing, 
glebed  on  the  surface,  there  is  no  material  better  for  guides.  However,  as 
some  engineers  will  not  wait  for,  or  do  not  trust  to,  this  state  of  metallio 
surface,  but  prefer  the  rubbing  surface  to  be  of  a  softer  nature  than  the 
rubbed,  it  is  not  UDOSual  to  find  white  metal  fitted  to  the  "shoes."  That 
some  of  the  older  engines  were  inefficient  from  loss  at  the  guides,  is  proved 
by  the  rapid  wearing  of  the  shoes ;  the  work  necessary  to  oonvert  so  many 
cubic  inches  of  metal  into  powder  being  tbe  measure  of  avoidable  loss  at  that 
point 

4.  The  Lobs  from  Friction  at  the  Sliaft  Jonmals,  ftc,  may  be  also  very 
considerable,  as  the  pressure  on  the  piston  is  transmitted  from  the  crank-pin 
to  them,  in  addition  to  that  caused  by  the  weight  of  the  shaft  itself  and  the 
connections.  The  same  may  be  said  of  the  crank-pins,  which  have  pressing 
on  tbem  the  whole  force  on  the  pistons,  in  addition  to  the  weight  of  the 
rods.  This  friotion  is  very  severe,  especially  in  &st-ranning  engines.  It  was 
formerly  held  that  friction  uxu  independent  o/v^oeity,  so  far  as  movement 
through  a  fixed  distance  is  concerned ;  that  is,  if  a  body  be  moved  through 
10  feet,  the  friction  ia  the  same  if  the  movement  takes  place  in  1  second  or  in 
10  seconds;  but  if  time  be  taken  into  account,  the  friction  of  moving  the  body 
ten  times  over  the  10  feet  in  10  seconds  ia  ten  times  that  of  moving  it  ones 
in  10  seconds.  Since  M.  Morin  made  his  experiments  further  investigations 
have  been  most  carefully  made  by  Mr.  Tower  and  others,  which  show  that 
friction  does  vary  with  the  velocity,  probably  as  the  square  root  of  the 
velocity ;  hence  for  modem  piston  speeds  more  surface  is  roquired  than 
formerly.  In  a  marine  screw  engine  making  seventy  revolutions  por 
minute,  the  friction  is  seventy  times  that  of  one  revolution;  and,  conse- 
quently, if  a  paddle  engine,  having  the  same  size  of  cylinders,  and  working 
with  the  same  presaui-e  of  steam,  mokes  only  thirty-five  rovolutions  per 
minute,  its  friction  of  journals  will  be  half  that  of  the  screw  engine 
per  minute.  As  the  first  screw  engines  working  without  gearing 
were  generally  designed  by  men  whose  experience  had  been  gained 
with  the  slower  working  paddle  engines,  it  is  not  astonishing  to 
find  that  the  bearings  were  not  always  sufficioDt  for  the  work 
on  them,  and  that  the  speed  of  the  rubbing  sur&oes  prevented  the 
lubrication  from  being  so  efficient  as  bad  been  the  case  provioualy,  and  so 
aggravated  tbe  evil  Again,  the  old  paddle  engine  and  geared  screw  engine 
had  cylinders  of  longer  stroke  compared  with  their  diameters  than  had  the 
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direct- working  screw  engine,  and  as  the  diameter  of  the  shafb  depends  oa 
the  ftrea  of  piston  and  length  of  stroke  combined,  while  the  preMore  on  the 
bearings  depends  only  on  the  area  of  the  piston,  the  diameter  of  the  shaft 
might  remain  the  same,  although  the  size  of  the  piston  had  been  very  much 
increased.  Now  most  of  the  old  rules  for  length  of  jonmals  took  cognisance 
of  the  diameter  of  shaft  only,  and  although  the  pressure  on  the  jonrnals 
might  have  been  doubted,  there  was  only  the  same  surface  to  take  it. 

For  example,  a  paddle  engine  of  &  feet  stroke  might  have  the  same 
diameter  of  shaft  as  a  screw  engine  of  2  feet  6  inches  stroke,  each  having 
the  same  cjUndcr  capacity ;  but  the  engine  with  the  short  stroke  would 
have  a  piston  area  twice  Uiat  of  the  long  stroke,  and  consequently  with  the 
same  steam  pressure  there  would  be  double  the  strain  on  the  journals,  and 
this  with,  generally,  double  the  number  of  revolutions  of  the  shall. 

Friction  and  Surface. — It  was  formerly  an  axiom  that  friction  was 
independent  of  surface;  but  there  must  always  have  been  limitations  to 
such  a  statement.  It  meant  that  ao  long  as  the  moving  body  was  supported 
on  a  surface  sufficiently  large  to  prevent  the  unguent  from  being  squeezed 
out,  the  resistance  due  to  friction  was  the  same  fraction  of  its  weight, 
whatever  the  area.  Practical  engineers,  however,  never  had  unbounded 
feith  in  this  axiom.  It  is  now  clearly  understood  that  when  two  surfaces 
are  separated  by  a  stratum  of  oil,  or  other  unguent,  they  do  not  touch 
one  another,  and,  therefore,  each  is  sliding  on  the  unguent.  It  is  alio 
generally  supposed  that  the  particles  of  unguent  assume  a  globular  form  in 
the  process,  so  that  they  form  a  kind  of  ball-bearing  surface.  Anyway,  bo 
long  as  the  unguent  is  maintained  in  position,  the  resistance  is  smalt  and 
is  constant.  It  is,  however,  well  known  that  when  the  same  unguent  is 
used  with  different  metala  having  apparently  equally  good  surfaces,  there  is 
a  difference  in  the  Boeficient  of  friction,  as  the  fraction  is  called;  and, 
further,  that  certain  metals  will  not  work  at  all  well  on  others — e.g.,  soft 
steel  on  bronze.  It  is  evident,  then,  that  either  the  metals  affect  the 
uDguent,  or  they  do  not  really  give  equally  good  surfaces.  It  is  known 
that  oil  acta  chemically  on  copper,  and,  therefore,  on  copper  compounds, 
while  it  has  no  action  on  tin  and  antimony.  This  may  account  for  the 
different  behaviour  of  white  metal  and  hrouEO.  Modern  experiments  have 
shown  that  surface  has  its  influence,  even  within  the  safe  limits;  that  the 
coefficient  is  higher  with  very  light  lo^da  per  square  inch  than  heavier  ones, 
SO  that  when  an  engine  is  running  light,  the  percentage  of  loss  from  friction 
is  higher  than  when  running  full  load.  In  the  case  of  a  marine  engine 
running  slow,  the  pressure  on  the  guides,  &q.,  will  be  much  less  in  conse- 
quence of  reduced  tosd;  so  that  the  coefficient  of  friction  will  be,  from  that 
cause,  somewhat  higher.  On  the  other  hand,  as  the  engine  ia  moving 
slower  and  friction  varies,  as  -JV,  the  coefficient  will  be  less,  and  so  one 
may  balance  the  other. 

Tower  found  that  at  90'  F., 

.     Coefficient  of  friction  =  20c  %p- . 

Where  T  ia  the  rubbing  velocity  in  feet  per  minute,  P  the  nominal  pressure 
in  lbs.  per  square  inch,  e  a  coefficient  depending  on  the  lubricant,  which, 
for  sperm  oil,  is  OOU,  rape  oil  0015,  mineral  oil    0018,  and  olive  oil  0019, 

the  oil  supply  being  liberal  and  constant. 

For  example,  the  coefficient  for  a  guide  on  which  the  pressure  is,  say. 
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100  lbs.  per  square  iach,  the  piston  speed  900,  and  on  which  mineral  oil  is 
used, 

P-20  X  ^)018;^--0IO8. 

If  the  oil  ia  sparingly  supplied,  as  with  a  syphon  labricator,  the  ooeffident  - 
may  be  four  times  this,  or  '0432,  which  is  very  nearly  what  Morin  stated  to 
be  the  best  result  with  well  lubricated  surfaces. 

Temperature  also  affects  the  friction ;  the  coefficient  is  reduced  when 
the  temperature  rises  so  as  to  render  the  unguent  fluid  and  not  sticky. 
On  the  other  hand,  further  rises  of  temperature  tend  to  make  it  too  fluid 
and  thin.  With  some  mineral  oils,  raising  the  temperature  from  60*  to 
120*  caused  the  friction  to  be  quadrupled. 

The  aim  of  the  engineer  must,  therefore,  be  to  prevent  metallic  snrfaoea 
from  coming  into  actual  contact,  for  then  the  friction  would  be  very  severe, 
and  soon  cause  the  surfaces  to  abrade,  and  even,  in  the  case  of  cast  iron,  to 
strike  fire.  The  lubricant  should  be  introduced  at  the  points  of  least 
pressure  in  order  that  those  of  greatest  may  be  well  lubricated.  Friction 
at  the  journals,  too,  must  always  be  a  source  of  anxiety,  though  not  nearly 
so  much  so  now  as  formeriy.  Crank-shalts  are  more  truly  turned,  although 
even  now  there  is  room  for  improvement ;  the  foundations  of  the  engines 
are  more  stifRy  made,  so  that  there  is  no  springing  at  the  bearings ;  the 
bearing  surface  is  pro  rata  larger,  and  white  metal  is  universally  fitted  to 
both  crank-pins  and  main  bearings. 

6.  The  Friction  of  Valre  Hottons  and  of  the  valves  ia  very  considerable 
at  all  times,  and  is  severe  when  the  valves  are  running  dry.  Even  when 
the  pressure  on  the  valves  is  partly  relieved  by  frames,  &c.,  on  their  back, 
the  strain  on  the  rods  is  sometimes  so  great  as  to  bead  them.  With  the 
largely  increased  piston  speed  of  necessity  have  come  larger  valves.  This, 
with  increased  boiler  pressure,  drove  most  makers  of  marine  engines  to 
revive  the  piston  valve  for  the  high-pressure  cylinders,  and  latterly  to  fit 
them  to  the  medium- pressure  cylinders.  On  the  other  hand,  a  few  of  the 
eminent  engine  builders  have  stuck  to  flat  valves  for  all  their  cylinders, 
and  that,  too,  with  a  success  that  has  not  attended  the  efforts  of  all  who 
held  out  aguiuHt  the  use  of  piston  valves. 

Attempts  have  been  made  from  time  to  time  to  use  Corliss  and  other 
quick-shutting  valves  instead  of  slide  valves.  So  far  the  results  have  been 
disappointing,  and  the  increased  efficiency  due  to  quick  cut-off  and  small 
clearance  which  such  valves  and  gear  give  to  land  engines  is  now  not  attain- 
able to  the  same  extent  with  triple- com  pound  engines.  But  the  marine 
engine  may  stilt  have  its  efficiency  very  much  improved  by  some  form  of 
valve  which,  while  giving  plenty  of  egress  for  the  steam  to  the  con- 
denser, very  much  reduces  the  clearance  now  obtaining  in  low-pressure 
cylinders. 

6.  Loss  from  the  Fmnps. — In  all  engines,  whether  condensing  or  non- 
condensing,  there  is  a  loss  of  efficiency  from  the  feed-pump  when  it  is 
worked  by  the  engine.  It  is  true  that  the  work  done  by  it  in  forcing  the 
water  into  the  boiler  is  stored  energy,  and,  therefore,  not  lost,  but  its  want 
of  efficiency  is  a  source  of  loss.  It  is  now,  however,  the  common  practice 
for  the  feed-pump  to  be  worked  by  an  independent  engine.  This  is  con- 
venient, and  has  advantages  which  will  he  discussed  elsewhere,  but  it  must 
not  be  overlooked  that  the  cost  is  greater  than  by  the  old  method,  as  the 
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independent  engine  consumei  at  leut  donbltt  the  amoont  of  steain  per 
I.H.P.  that  tbe  main  engines  do. 

To  Bome  extent  tbe  air-pamp  majr  be  said  to  store  energy,  for  it  takei 
water  from  under  a  prewnre  of)  tKj,  2  Iba.  per  square  inch,  and  places  it  at 
the  disposal  of  the  feed-pamps  under  a  pressure  of  10  lbs.  The  chief  work 
of  the  air  pump  is  to  withdraw  air  and  other  gases  from  the  condenser  and 
d^ver  them  at  atmospheric  pressure.  This,  except  as  a  means  to  an  end- 
is  all  lost  energy,  while  the  friction,  &&,  of  this  pump  adds  to  the  loss, 
and  BO  rmlnces  the  efficiency  of  the  engine. 

Air-pumps,  especially  in  warships,  are  sometimes  worked  by  an  inde- 
pendent engine ;  the  same  objections  apply  to  this  pnmp  being  dealt  with 
in  this  way  as  to  the  feed-pumps,  and  there  is  not  the  corresponding 
advantage  in  practice,  although  there  might  be  if  the  pnmp  were  regulated 
to  ran  exactly  to  the  requirements  of  the  condenser. 

The  circnlatiDg-punpe  render  nothing  for  the  large  amount  of  energy 
put  inU)  them,  and,  viewed  in  this  light  only,  would  leem  to  be  a  great 
impediment  to  the  engine.  As  a  means  to  a  most  Taloable  end  it  is 
otherwise  appraised ;  as  a  necessary  adjnnct  to  tbe  snrfikce-condenser  it 
has  conduced  very  much  to  the  economy  of  the  modem  marine  engine. 
Besides  all  the  energy  lost  in  the  driving  of  this  pnmp  the  greatest  waste 
of  the  steam  engine  is  caused  by  it,  for  its  water  conveys  away  all  the 
latent  heat  required  to  make  the  steam.  It  has  been  suggested  that  by 
turning  the  stream  of  water  towards  the  stem  some  propelling  effect  would 
be  obtained,  and  some  of  this  loss  be  prevented.  So  far  no  engineer  has 
gone  ont  of  bis  way  to  effect  this  small  economy. 

7.  Inertta  of  Uoving  Farts. — There  should  be  no  losses  from  this  cause 
if  proper  arraDgemente  are  made,  for  all  the  energy  stored  in  them  in 
getting  them  to  their  maximum  motion  should  be  ostrfuUy  employed  before 
their  coming  to  rest  In  the  older  engines,  as  in  many  modem  ones, 
considerable  loss  arose  from  tbe  fact  that  much  of  the  energy  stored  in  the 
pistons  and  other  heavy  moving  parts  was  not  oseful^  employed,  but  was 
wasted  in  vibrating  tbe  engine  itself  and  tbe  sh^.  This,  however,  is  fully 
dealt  with  in  Ch^.  xziv.  and  Appendix  R  There  will,  of  course,  still 
be  small  losses  due  to  friction  on  bearings  and  guides  from  the  momentum 
of  the  moving  parts  after  the  engine  has  been  balanced,  for  the  balancing 
cannot  bring  all  tbe  forces  into  one  plane. 

It  will  be  seen  by  the  foregoing  that  the  energy  tost  in  a  marine  engine 
is  not  a  definitely  fixed  quantity,  and  is  dependent  neither  on  design  nor 
on  construction  alone,  but  rather  on  the  degree  of  care  exercised  by  those 
having  the  working  of  it  That  mnch  may  be  saved  by  good  and  careful 
designing  and  workmanship  is  evident,  but,  within  certain  limits,  a  good 
engine  may  prove  less  efficient  than  a  really  inferior  one  from  lack  of 
proper  attention  from  those  in  oharge,  and  especially  if  they  are  not 
supplied  with  good  and  suitable  lubricsnte. 

III.  The  Losses  due  partly  to  Heobanical  Defects  and  partlj  to  Physioal 
Causes  are  those  which  cannot  be  cJsased  as  belonging  to  the  engine  as  a 
machine,  nor  to  it  as  a  heat  engine  simply.  Tlie  most  important  of  these 
is  consequent  on  the  employment  in  its  oonstmction  of  materials  having 
a  high  conductivity  for  heat.  The  steam  pipes  are  generally  of  copper,  and, 
when  of  steel,  are  comparatively  thin,  so  that  there  is  much  loss  of  heat  from 
their  surfaces.  Oareful  covering  with  material  having  a  low  conductivi^ 
does  much  to  prevent  this  waste,  but,  with  the  high  pressures  now  used  and  . 
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ooneeqnent  higb  tempentures,  dii1«h  the  lagging  U  very  thick  and  tb«  pipe 
flanges  well  covered  there  is  still  great  lou.  "Hie  leu,  too,  ia  not  limited 
to  the  mere  beat  which  escapee,  for  if  aatanted  steam — tb»t  is,  steam 
oODtaining  a>  much  water  as  it  can — is  robbed  of  any  of  its  heat  on  ita  road 
to  the  cylinders  it  deposits  some  of  its  water ;  this  water  obstructs  the  &eo 
passage  of  et«am  through  valves  and  passages,  and,  till  forced  through  the 
escape  valves  or  drain  eocka,  obstructs  the  pistons  themselves.  The 
efficiency  of  the  engine  as  a  heat  engine  is  also  materially  affected  by  the 
presence  of  water  in  the  oylinders.  The  losses  are  very  manifest  when  the 
■peed  of  the  engine  is,  as  often  happens,  materially  checked  by  water 
coming  with  the  steam.  The  chief  gain  from  superiteating  the  steam  for 
the  marine  engine  arose,  and  will  again  be  found  to  arise,  from  the  steam 
being  quite  dry  rather  than  &om  the  higher  temperature  at  tbe  cylinder. 

LiquefiM:tion  takes  place  on  expansion  in  the  cylinders  in  spite  of  steam 
jackets  and  superheating,  and  a  small  amount  of  water  to  InbricatB  the 
internal  parts  is  a  good  thing,  especially  as  the  use  of  oils  is  very  restricted 
or  wholly  done  away  with  nowadays.  The  cylinders,  however,  should  be 
as  carefully  "  lagged  "  as  tbe  steam  pipes,  and  the  covers  and  flanges  of  the 
high-pressure  cylinder  should  be  as  carefully  covered  as  any  other  part. 

It  is  very  doubtful  if  steam,  during  expansion  in  the  G»«t-mnninff 
marine  engine,  can  take  any  heat  from  the  jackets ;  that  such  jackets  add 
to  the  efficiency  of  the  engine  must,  however,  be  admitted  when  Aey  ara 
properly  drained ;  it  ia  probable,  therefore,  that  the  min  is  one  of  efficiency 
&om  tbe  fact  that  tbe  cylinders  are  freer  of  water  wiSi  steam  jackets  in  iissl 

If  this  argument  is  based  on  fact,  a  jacket  to  the  low-pressure  cylinder 
might  be  of  some  use,  and  outweigh  Uie  loss  arising  from  the  reheating 
of  steam  about  to  enter  the  condenser  at  exhaust 

Superheating  the  steam  so  that  it  might  continue  wholly  in  the  vapour 
state  till  it  reaches  the  condenser  has  been  the  hope  of  many  sanguine 
inventors,  Superheating  the  steam  with  beat  that  otherwise  is  lost  is 
obviously  most  desirable  as  a  means  of  economy.  Superheating,  however, 
must  have  its  limits,  for  in  economising  steam  there  may  be  great  loss  of 
energy,  as,  for  example,  by  excessive  friction  of  the  higb-pressnre  piston, 
valves,  and  rods  from  want  of  a  lubricant  when  the  steam  is  so  dry  as  to 
absorb  it  all  in  the  vaporous  state.  As  a  matter  of  fact  the  steam  may  leave 
the  marine  boiler  with  a  large  amount  of  superheat,  and  even  on  rwiching 
the  cylinder  may  still  have  a  &ir  margin,  but  the  piston  will  not  have  moved 
many  inches  before  it  is  saturated  steam.  If  the  steam  is  to  avoid  water 
deposit  in  the  high-pressure  cylinder  the  superheater  will  require  to  have 
its  own  fire,  and  unless  very  special  means  are  adopted  for  lubricating  the 
piston  and  valve  will  work  oadly  and  cut  the  surfaces. 

Superheating  went  out  of  fashion  on  the  advent  of  steam  of  60  lbs. 
preesuro,  partly  due  to  the  fact  that  its  temperature,  307*  F.,  was  nearly  as 
nit;h  as  superheating  had  then  gone,  and  te  tbe  restrictions  put  by  the 
Board  of  Trade  on  superheaters. 

Metallic  packing  was  unknown,  and  the  gain  in  economy  by  the  com- 
pound engine  over  the  old  surface  condensing  30-lK  pressure  ones  satisfied 
fully  the  enterprise  of  the  good  folks  in  those  days  of  good  freights. 

r^lSir^'"''^""^  the  steam  for  electric  light  installations  on  shore  groat 
reductions  n  consumption  of  fuel  have  been  effected  (fig.  16a).  No  dS 
apt;;tuTon  1^^''^^"^'°^  by  employing  sati^t^tory  iuperh^'ng 
apparatus  on  board  ship,  but  great  care  must  be  taken  in  Uie  design  anS 
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Twnum  28  iDchea,  boiler  prewure  178  Iba. 

B  =  Three-crank   oompound  glow   ninniiiH.   6600      1 
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I.H.P.,  Tacuum  28  incbe«,  boiler  pieman      1 
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C  =  TripleeipftntioD.    070    l.H.P.,    vKuum    3S 
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construction  of  the  piston  &nd  T&lves  of  the  first  cylinder  into  which  luch 
steam  enters,  or  the  loss  ma;  exceed  the  gain  in  steam  efficiency. 

Another  source  of  loss  is  the  resistance  due  to  the  friction  of  the  steam 
in  psBsiug  throngh  the  pipes,  passages,  and  valves  ;  and  although  here  again 
there  is  not  a  total  loss,  still  it  is  not  compensated  for  in  the  way  that  the 
engineer  desires.  As  friction  oauses  heat,  so  the  friction  of  the  steam  along 
the  surface  of  the  pipes  and  passages  generates  heat;  but  since  this  heat  it 
not  allowed  to  escape,  it  is  taken  up  by  the  steam,  and  so  superheats  it. 
The  loss  dne  to  this  cause  in  the  steam-pipes  is  probably  very  small, 
especially  when  the  pipes  are  of  such  a  size  that  the  velocity  of  steam 
through  them  is  not  excessive,  and  Ur.  D.  K.  Clark  fonnd  that  it  is  in- 
appreciable when  the  velocity  is  not  more  than  130  feet  per  second  with  very 
dry  steam,  and  100  feet  per  second  with  ordinary  dry  steam.  The  greatest 
loss  is  when  the  steam  has  to  pass  through  narrow  orifices  where  the  peri- 
meter of  such  orifices  is  large  compared  with  the  ^rea,  as  is  the  case  at  the 
steam  ports  of  a  cylinder  j  this  is  called  "wire-drawing"  the  steam,  and 
there  is  always  a  loss  of  pressure  from  this  cause,  even  when  the  area 
through  which  the  steam  passes  is  equal  to  that  of  the  section  of  the  pipe 
through  which  it  bu  previously  passed.  When  the  area  is  reduced,  and  the 
perimeter  is  large,  the  loss  is,  of  course,  still  greater,  and  hence  the  loss  at 
the  ports  of  a  cylinder,  where  the  cut-off  is  early  by  means  of  a  common 
slide-valve,  is  very  considerable,  and  may  amount  to  as  much  as  10  per  cent, 
of  the  pressure,  nitless  the  ports  are  very  large,  or  the  travel  of  the  valve 
exceptionally  long.  To  obviate  such  an  evil,  the  double  and  treble  ported 
valves  are  used,  and  other  plans  adopted,  whereby  increased  area  of  opening 
to  steam  may  be  obtained.  If  care  is  taken  so  aa  to  avoid  all  unnecessary 
obstructions  to  the  passage  of  the  steam  in  the  pipes  and  stop-valves, 
and  there  be  sufficient  opening  of  the  port  at  the  beginning  of  the  stroke, 
the  loss  of  initiid  pressure  should  not  exceed  2J  per  cenl^,  and  in  some 
marine  engines  there  is  no  appreciable  fall  of  pressure  from  the  boiler  to  the 
cylinders.  There  is  also  a  loss  of  energy  when  the  steam  enters  the  cylinders 
from  the  sadden  change  in  velocity,  which  will  be  from  160  feet  to  15  feet 
pier  second  in  large  engines,  and  even  greater  in  small  engines,  where  the 
piston  velocity  ia  very  much  less  than  10  feet  per  second.  This  cannot  be 
avoided  in  any  way,  as  it  is  practically  impossible  to  increase  the  piston 
Telocity  to  even  one-half  that  of  the  steam  ;  and  it  would  be  excessively  in- 
convenient to  increase  the  area  of  ports,  &o.,  so  that  the  velocity  of  steam 
should  more  nearly  approach  that  of  the  piston.  But  as  the  loss  from  tbis 
cause  is  very  slight  indeed,  no  extra  cost  expended  in  attempting  to  avoid  it 
would  meet  with  an  adequate  return. 

A  considerable  amount  of  heat  is  lost  by  the  radiation  fi-om  those  parts 
which  are  alternately  exposed  to  the  hot  steam  snd  to  the  atmosphere ;  and 
this  was  especially  great  in  trunk  engines,  where  the  surfsoe  of  the  trunks  is 
very  large,  and,  being  hollow,  of  course  have  the  inner  surface  giving  off  heat 
as  well  constantly.  Fortunately,  the  surfaces  of  the  piston-rods,  trunks,  &o., 
soon  become  highly  polished,  and  so  do  not  radiate  the  heat  so  quickly  as 
they  would  were  they  rough.  This  loss,  too,  cannot  be  avoided,  or  even 
rednced  to  any  appreciable  extent. 

Finally,  there  is  the  loss  dne  to  the  heat  conducted  from  the  cylinders, 
pipes,  Ac,  to  the  other  parts  of  the  engine  with  which  they  are  connected, 
and  which  pass  it  away  by  radiation  at  their  surfaces. 


^.Goot^lc 


HAKOAL  or  HABIHK  ■NaiNIXRIKO. 


OHAPTEB  III 


AuTHonaB,  etrictly  ipeAking,  it  is  not  the  proriaoe  of  the  enginMr  to  dat«r- 
mine  Qts  power  necen&r;  to  drive  &  ihip  at  r  oertain  speed,  bat  nther  that 
of  the  naval  architect,  still  it  is  a  point  of  great  importance  to  the  engineer, 
and  one  with  the  iiiTeatigations  of  which  he  thould  be  foll^  acquainted. 
Ciroamstances  eometimes  require,  indeed,  that  the  engineer  ahall  name  the 
power,  as  the  naval  architect  maj  submit  that,  inasmnah  as  he  is  unaware  of 
the  efficiency  of  the  particular  engine  to  be  supplied,  he  cannot  say  what 
indicated  horse-power  will  be  necessary,  but  only  what  effietive  horae-power. 
Uoreover,  the  subject  is  one  possessing  great  interest  at  all  times,  and  some- 
times of  tjie  utmost  importance  to  the  engineer,  as  the  deficiency  of  speed 
obtained  at  the  measured  mile  from  that  anticipated  may  be  attributed  to 
the  inefficienoy  of  the  engine  and  propeller.  This  charge  may  be,  and  often 
has  been,  proved  to  be  true ;  bat,  on  the  other  hand,  it  may  be  without 
foundation,  the  blame  really  belonging  to  the  deaigner,  who  has  given  the 
■hip  lines  uniuited  to  the  speed. 

Talaa  of  Tdal  Tr^S. — Trial  trips  are  now  oondncted,  both  in  the 
meroaotile  roanne  and  the  Boyal  Navy,  with  more  care  and  interest  than 
obtained  formerly ;  and  it  is  not  sufficient  to  prove  at  the  measured  mile 
meraly  that  the  ship  has  done  the  speed  expected,  or  that  the  engines  have 
developed  the  power  for  which  they  were  designed.  Both  engineers 
and  naval  architects  anxiously  determine  whether  the  speed  has  been 
obtained  with  the  minimum  of  power,  and  the  engineer  can  satisfy  himself 
oa  a  moat  important  point — viz.,  the  efficiency  of  the  propeller,  and,  to  some 
extent,  the  efficiency  of  the  machinery,  while  the  owner,  if  it  be  a  private 
■hip,  is  enabled  to  judge  whether  he  is  paying  for  "  big  horses "  or  "  little 
horses."  Another  point  (and  one  most  important  to  the  owner)  which, 
to  some  extent,  is  determined  on  a  trial  trip  is — at  what  expenditure 
of  fuel  a  ton  of  displacement  is  carried  over  a  mile.  It  is  not  an  dd- 
oommon  thing  to  find  that  the  engine  which  bums  least  fuel  per  LH.P., 
does  not  compare  so  favourably  with  others  when  measured  by  this 
latter  standard.  The  apparent  contradiction  here  is  not  very  difficult  to 
understand  when  fully  looked  into ;  it  may  he,  perhs^is,  beet  comprehended 
by  taking  extreme  oases.  Suppose  the  blades  of  the  screw  are  set  so  as  to 
have  no  pitch  ;  the  engine  will  work,  develop  a  certain  power  necessary  to 
overcome  its  own  resistance  and  that  of  the  screw,  but  it  will  not  drive  the 
■hip  an  inch ;  the  coal  consumption  per  I.H.P.  will  probably  be  somewhat 
heavier  than  that  of  the  same  engine  when  working  with  half  its  load,  but 
still  may  be  light.  Now  place  the  blades  fore  and  aft,  so  that  the  pitch 
is  infinity,  and  although  there  may  be  now  a  large  development  of  power, 
there  will  be  no  appreciable  speed— theoretically,  none  at  alL  In  both  these 
extreme  cases  the  consumption  per  I.H.P.  may  be  very  satisfactory,  but  the 
satisfaction  would  not  be  felt  by  the  owner.  It  is  manifest,  uien,  that 
between  these  two  extreme  limits  of  pitch  there  is  some  value  and  one 
position  of  blade  which  will  give  the  best  result,  so  far  as  economy  of  fuel 
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for  )o»d  propelled  is  concerned.  Not  only  is  tho  pitch  of  propeller  an 
important  fanction  in  (Ul  calculations  relating  to  the  speed  of  ships,  but  the 
diameter  has  a  ver;  imporhiDt  bearing  also  on  the  sabject,  and  mora  thaa 
was  generAll;  thought  previous  to  the  remarkable  trials  of  H.U.B.  "  Iris." 

Toe  Redstanco  of  a  Ship  passing  through  water  is  not  easily  determined 
beforehand,  as  it  may  vary  from  more  than  one  oanse,  and  in  a  way  often 
imaiitioipKted,  as  has  been  seen  dnring  the  trials  of  the  very  fast  torpedo 
boats  and  destroyers.  The  inyestigations  of  the  late  Dr.  Fronde  on  this 
anbjecC  have  shown  that  the  older  theories  were  sometimes  erroneooa,  and 
the  old-established  formnln  nnreliable ;  and  perhaps  the  best  source  of 
information  on  the  intricacies  of  this  somewhat  complex  subject  is  to  be 
found  in  the  many  able  papers  read  by  bim,  and  others  since  his  day,  before 
the  Institution  of  Naval  Architects  and  otber  learned  societies. 

When  the  screw  or  paddle  first  commences  to  revolve,  the  ship  makes  no 
headway,  and  it  is  only  alter  some  seconds  have  elapsed  that  motion  is  observ- 
able. The  engine  power  has,  during  that  period,  been  employed  in  over- 
coming the  resistance  to  motion  which  all  heavy  bodies  possess,  and  which 
is  called  the  vie  inertia.  When  the  engine  is  stopped  at  theendof  the  voyage, 
the  ship  w91  continue  to  move,  and  come  gradaally  to  rest,  unless  otherwise 
retarded  by  the  reversal  of  the  engine  or  by  check  ropes.  The  ship  is  then 
said  to  hare  "  way  on  her,"  a  phrase  which,  in  scientific  language,  means 
that  she  possesses  stored-up  energy,  called  mome^um,  which  is  given  out, 
when  the  engine  stopa,  in  overcoming  the  resistance  of  the  water  to  the 
psasage  of  the  ship  through  it.  This  energy  was  stored  up  at  starting  of 
overcoming  Che  inertia,  and  remains  stored  until  there  is  any  retardation  in 
velocity.  In  this  way  the  weight  of  the  ship  helps  to  preserve  a  uniformity 
of  motion,  as  that  of  a  flywheel  does  to  an  engine,  and  therefore  it  is  im- 
portant that  tug-boats  should  have  weight  u  well  as  power,  to  prevent 
towing  in  the  jerky  fashion  so  often  observable.  When  the  vit  inortia  has 
been  overcome,  the  power  of  the  engine  is  directed  to  overcoming  the 
resistance  of  the  water,  and  wind,  if  there  be  any,  and  in  accelerating  the 
velocity  of  the  ship ;  as  the  speed  increases,  the  resistance  much  more  in- 
creases, nntil  the  surplus  power  available  for  acceleration  becomes  nil,  and 
the  whole  engine  power  is  absorbed  in  overcoming  the  internal  resistances,  or 
those  belonging  to  the  engine  itself  and  the  propeller,  and  the  external,  or 
that  of  the  ship. 

The  BeslBtanca  of  tho  Water  Ib  Twofold.— First,  the  ship  in  moving 
forward  has  to  di*place  a  c&rlain  ma»»  of  vxUer  of  the  same  uxight  at  itee^, 
and  the  water  has  to  fill  in  the  void  which  would  otherwise  be  left  by  the 
■hip.  The  work  done  here  is  measurable  by  the  amotmt  of  water,  and  since 
it  is  equal  to  the  diiplacement  of  the  ship,  displacement  becomes  a  factor  in 
the  calculations  of  resistance.  But  to  effect  this  displacing  and  replacing  of 
wat«r  yritii  At  least  amount  of  energy,  it  is  necessary  to  do  it  gently — to 
Mt  the  partiolea  of  water  gradually  in  motion  at  the  bow,  and  let  them  come 
gradually  to  rest  at  the  stem.  If  it  is  not  done  gently,  and  the  water  is 
rudely  separated,  a  wave  is  formed  on  either  side,  showing  that  energy  has 
been  spent  in  raising  the  water  of  this  wave  above  its  normal  level. 
Although  every  ship,  however  well  designed  to  suit  the  intended  speed, 
causes  uiese  waves  of  displacement,  it  is  t£e  object  of  the  naval  architect  to 
reduce  their  magnitude  as  much  as  possible. 

The  second  cause  of  resistance  to  the  passage  of  a  ship  through  the  water 
is  the  friction  between  the  surface  of  the  ship  and  the  water.    Resistanoe 
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from  this  caun  U  generally  spoken  of  u  skin  ntUlanM,  and  u  in  well- 
form«d  thipa  much  gnsAter  than  the  reaistanoe  dno  to  other  caoses.  How- 
ever tine  a  ship  m»;  be,  there  ig,  of  necesuty,  a,  certain  area  of  skin  exposed 
to  the  water,  and  thougli  the  displaoement  be  very  small  indeed,  and  the 
section  transverse  to  tne  direction  of  motion  reduced  to  a  minimum,  it  is 
found  that  a  considerable  amount  of  power  is  required  to  propel  the  ship 
through  the  water,  and  that,  roughly,  the  power  is  proportional  U>  the 
toatted  tut/aee  at  the  same  speedo.  It  is  from  this  cause  that  the  older  rules 
for  speed,  involving  only  displacement,  or  area  of  midship  section,  together 
with  speed  aa  variables,  are  found  to  be  so  misleading. 

Speed  FormillflB. — It  will  be  easily  understood  that  the  magnitude  of 
the  waves  of  diBplaoement  depends  both  on  the  form  of  the  ship  and  the 
■peed  at  which  she  is  propelled.  But,  again,  the  form  of  the  ship  depends, 
to  some  extent,  on  the  displacement,  and  it  roughly  expresses  the  degree  of 
fineness ;  so  that  it  may  be  taken  to  measure  both  the  amount  of  water 
displaced  and  the  method  of  displacing  it;  Hence  it  wai  found  that  the 
resistance  varied  as  J/ (Displacemeat)*,  or  generally  expressed  as  D*.  The 
resistance  also  varies  as  the  square  of  the  speed,  and  to  complete  the 
expression,  which  will  give  a  definite  value  to  the  resistance  of  a  given  ship, 
it  was  necessary  to  multiply  the  product  of  the  above  two  variables  by  a 
quantity  found  from  practice  ;  and  if  the  law  were  absolutely  correct,  thia 
quantity  should  have  a  fixed  value,  whatever  the  size  and  form  of  the  ebip, 
and  would  be  a  " eotutatU"  multiplier  for  all  cases.  If  D|^  be  the  diaplaoo- 
meut  in  pounds,  8)  the  speed  in  feet  per  minute,  R  the  resistance  in  foot- 
pounds per  minute,  A  the  constant,  then 

E  -  D,»  X  Si»  X  A. 
Multiply  both  sides  of  thia  aquation  by  8,,  then 

R  X  Si  -  D,'  K  Si»  K  A- 
Now  R  X  Si  is  the  work  done  in  overcoming  the  resistance  R,  through  a 
distance  S^,  and  is,  therefore,  the  power  required  to  propel  D^  at  a  speed  Sj, 
and  if  £  is  the  efficiency  of  the  machinery  and  propeller  combined,  so  that 
B  X  I.H.P.  is  the  effective  horse-power  employed  in  propelling  then 

88,600(B  X  I.H.P.)  -  Di»  X  Sj*  X  A 

I.H.P.-(Di»xSi.)x3-^. 

Kow,  it  is  more  convenient  to  express  the  displacement  in  tons  and  the 
•peed  in  knots ;  so  that  if  D  and  S  be  substituted  for  D,  and  8„  D  being 
equal  te  Di  -f  2240,  and  8  -  (8,  x  60)  -f  6080  -  8i  +  101-33,  it  involves 
the  introduction  of  other  constant  quantities,  which  do  not,  therefore,  alter 
the  expression,  so  that  the  whole  of  these  constants  may  be  replaced  by  a 
single  constant,  0,  which  will  express  them.     Therefore 

LH.P.- 

D  being  the  displacement  in  tons ;  8,  the  speed  in  knots ;  and  0,  the  so- 
called  constant. 

It  was  also  supposed  that  the  resistance  woold  bear  a  direct  relation  to 
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tha  area  of  section  tnuuvene  to  the  direotioa  of  motion,  ag  this  would  be 

(he  measure  of  the  obaonel  swept  ont  hj  a  ship  :  hence  the  following  rule:— 

,  „_  ^  area  of  immeraed  mid»hip  lection  x  S* 

£  being  also  a  so-called  constant 

The  above  two  rules  were,  for  many  years,  the  only  onei  ased  by  ship* 
builders  in  determining  the  necessary  power  for  a  givea  speed.  Their 
partial  accuracy  depended  on  the  fact  that  the  wetted  skin  varies  very  nearly 
with  the  dispJacement  in  ships  of  somewhat  similar  form,*  and  that  the 
proportions  of  steamships  were  such  that  the  wetted  skin  varied  nearly  with 
the  area  of  immeraed  section.  Their  asefulness  depended  on  the  informa- 
tion in  the  hands  of  the  user,  and  on  his  discretion  in  choosing  values  for  0 
and  E.  These  rules  are  still  used  by  many  naval  architects,  and  are  not 
altogether  set  aside  by  any,  as  in  experienced  hands  they  form  a  good  check 
on  the  newer  methods,  aod  can  be  used  by  themselves  with  fewer  data  than 
are  required  when  mles  based  on  welted  skin  are  employed.  Actual  values 
for  C  and  K  are  given  in  Tables  iii.,  iv.,  v.,  and  tl,  on  pages  fiI-&5, 
deduced  from  the  performances  of  ships  on  trial  trips  made  with  every 
care;  but  in  choosing  values  discretion  must  be  exercised  that  the  ship 
for  which  a  calculation  is  to  be  made  is  somewhat  similar  in  farm,  size, 
and  speed,  to  the  one  whose  conatnnts  are  selected. 

Coeffldent  of  FineneSB. — To  determine  the  form  of  a  ship,  as  to  whether 
it  is  "  fine,"  "  fairly  fine,"  or  "  bluff,"  it  is  usual  to  compare  the  displace- 
ment  in  cubic  feet  with  the  capacity  of  a  box  of  the  same  length  and 
breadth,  and  of  depth  equal  to  the  draught  of  water;  the  coefficient  by 
which  the  capacity  of  such  a  box  must  be  multiplied  to  give  the  displace- 
ment being  called  the  coefficient  qfjineness.     Thus 

Coefficient  of  fineness  =  « jj m 

D  being  the  displacement  in  tons  of  35  cnbic  feet  of  sea-water  to  the  ton ; 
L,  th<-  length  between  perpendiculars  in  feet;  6,  the  extreme  brea<lth  of 
beam  in  feet ;  and  W,  the  mean  draught  of  water  in  feet,  less  the  depth  of 
the  keel.  Strictly  speaking,  the  length  should  be  measured  from  the  stem 
to  a(t  part  of  body-post  on  the  water-line,  instead  of  to  aft  part  of  rudder- 
post;  but  as  this  dimension  is  not  easy  to  ascertain  wihout  referring  to 
the  plans,  and  the  calculation  is  made  for  the  sake  of  compariBon,  rather 
than  aa  an  accurate  computation,  no  inconvenieeoe  will  arise  from  this,  so 
long  as  all  the  ships  nnder  comparison  are  measured  in  the  same  way. 

It  will  be  easily  seen  that  the  above  coefficient  only  expresses  a  relation 
between  the  cubic  contents  of  the  immersed  portion  of  the  ship  and  a  box 
of  the  same  diniension,  and  gives  no  certain  clue  to  the  fineness  ot  the 
waler-linet,  which  is  really  what  is  wanted  for  consideration  in  dealing  with 
the  question  of  power  for  speed. 

•  JToie.— Let  L  be  th 
Is  D  sod  wetted  sorfaoe  V 

D  -  1/  or  L  =  VB, 
and 

W-SxU-ix  ('*/»)■* 
That  is,  W  varies  aa  D . 

liaiti-ob/GoOt^lc 
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Two  abipi  may  have  the  i(ua«  dim«iuioiu  and  the  Bune  displacement, 
and,  oonteqneotlj,  the  same  coefficient  of  fineneai,  and  yet  one  may  have 
bhiff  lines  and  the  other  fine — the  dififorence  arisii^  from  the  latter  having 
a  flat  floor,  and  the  former  a  high  rise  of  floor.  To  take  an  extreme  case^ 
the  fine  ship  might  have  a  rectangalar  midship  section,  and  the  blufiF  one  a 
triangular  one ;  and  if  the  "  coefficient  of  fineness  "  was  0*5,  the  bluff  ship 
would  havf  rectangular  water-lines,  while  those  of  the  fine  ship  would  be 
two  triaoglea  base  to  base. 

Now,  if  a  coefficient  be  obtained  by  comparing  the  displacement  with 
thp  volume  of  a  prism,  whose  base  is  the  midship  section,  and  height  the 
length  of  the  ship,  it  wiil  indicate  the  general  fineness  of  water-lines,  and 
form  a  guide  in  the  choice  of  the  oonstaats  for  speed  calculations. 

Coefficient  of  water-lines  =  ^r^ 3 ; -. =— 

area  ot  immersed  mid-seotioa  x  L. 

To  det«nnlne  the  horse-power  neoeaeary  to  diive  a  ship  at  a  required 
speed,  it  is  first  of  all  necessary  that  she  shall  have  a  form  suitable  for  that 
speed.  Now,  the  form  of  a  ship  for  a  certain  speed  depends  in  no  small 
measure  on  her  length.  The  criterion  of  form,  as  already  shown,  is  best 
obtained  by  expressing  the  relation  of  the  displacement  of  the  ship  to  that 
of  a  prismatic  body  whose  section  ia  the  same  as  the  midship  section  of 
the  ship  and  of  the  same  length.  The  fraction  thus  obtained  indicates  the 
fineness  or  otherwise  of  the  waterlinei — that  is  to  say,  the  larger  the  fraction 
the  fuller  the  water-line  of  the  ship  must  be. 

It  is  also  true  that,  for  a  certain  speed,  the  longer  the  ship  the  fuller  her 
lines  may  be.  For  example,  a  ship,  for  a  speed  of  20  knots,  may  have  a 
very  much  fuller  coefficient  of  fineness  if  600  feet  long  than  one  of  400  feet 
for  that  speed. 

Let  F  be  the  coefficient  of  fineness  of  water-lines,  L  the  length  in  feet) 
and  S  the  speed  in  knots,  then 

If  it  be  desired  to  determine  the  highest  economis  spaed  for  a  ship  of  a 
certain  length  and  fOKU,  it  may  be  found  by  the  following  formula : — 

fO-Z9  tfW 


■c-m- 


If  it  is  required  to  know  the  shortest  length  of  ship  whose  form  is  known 
for  obtaining  a  certain  speed  economically,  it  may  be  found  by  the  following 
formula : — 


-(^7 


Table  I.  gives  the  prism  coefficient  suitable  to  the  length  of  a  particular 
ship  for  a  given  speed ;  that  is  to  say,  the  actual  displacement  of  the  ship 
of  a  given  length  and  for  a  certain  speed,  should  not  be  greater  than  that 
given  by  multiplying  the  displacement  of  a  prism  of  the  same  section  as 
the  midship  section  of  the  ship  and  the  same  length  by  the  factor  given. 

For  example, — A  ship  300  feet  long,  for  a  speed  of  15  knots,  should  have 
a  displacement  not  greater  than  -658  of  the  prism  displacement — that  is  to 
■ay,  she  must  have  a  coefficient  of  fineness  of  waterlines  of  0*668. 

Coo'^lc 


HVLnPUniS  OF  D>  TO  DRSRlUNE  I.H.P. 


g 

s 

1 

5 


1 

B 

1 

a 

)  isisiiiilillilililiiip  1 

9 

■in 

-496 
■516 

631 
-648 
■661 
■574 
■688 
-600 
■612 
■621 
■631 
•641 
■651 
-660 
■670 
■677 
■685 
■603 
■700 
■707 

714 

9 

mmmrmmmum  1 

p 

-489 
612 
'632 
-660 
'666 
■681 
•595 
■608 
-620 
■636 
■643 
'663 
■683 
■673 
■682 
■691 
'700 
■708 
■716 
■724 
■732 
■739 

p 

•471 
■497 

■621 
■641 
■660 
■676 
■692 
■605 
-619 
■632 
■647 
■666 
■665 
■676 
■685 
■695 
-704 
-713 
■721 
■728 
■737 
■740 
-762 

? 

tmimmmnmmw 

p 

m%%mmmmmm? 

p 

mmimmiummmm 

j 

nmmmmmmmi 

p 
2 

mmmtmmmm? 

s 

mmmmmmmm 

p 

a 

-628 
■666 
■681 
'603 
'624 
■642 
-659 
■675 
■690 
■703 
■721 
■730 
■742 
■753 
■764 
■774 
■784 
■794 
-803 
■812 
■821 
■830 
■830 

•ft 

-632 
'662 
'688 
'611 
632 
-650 
■668 
■683 
■699 
-713 
■730 
■740 
■762 
-763 
'774 
•786 
-706 
■806 
■814 

-832 
■841 
-650 

s 

■036 
■670 
■696 
-620 
■641 
■660 
■676 
•693 
■700 
■723 
■740 
■750 
■762 
■773 
■785 
■796 
■806 
■816 
'825 
■834 
■843 
■862 
■861 

; 

mmmmmmsmn? 

p 

mmmmmmniss 

5 

mmmmmmmmn 

■676 
■608 
-636 
■660 
■681 
■700 
■720 
■737 
■763 

-782 
-706 
■800 
-820 
■832 
■843 
■866 
■867 
■877 
■887 
-896 
■906 
■914 

S 

S 

Google 


lUiraiL  or  HAItim  ■NalKVERIHO. 


i 

s 

= 

s 

» 

s 

26  55 
25-80 
26-30 
24«) 
24-50 
24-15 
23 -S2 
23-60 
23-20 
22-95 
22-66 
22  40 
22-16 
21 «) 
21-65 
21-40 
21 -IS 
20-96 
20-78 
20  60 
20-30 
20-03 
19  83 
19-66 
19-49 
19-36 
19-26 
19-17 
19-08 
19-00 
1876 
18-66 

s 

$8S5?925?S823??8SSSSS§S3S??|i???S? 
Si?)55S8S22222222£E:SSnE222S££22222 

s 

liiS!H!!is!!is!l!!!!!!Hli^§i!? 

: 

!^s!!miEI!2!?^^!!^?!!!f-!!l6i 

J 

£i22  =  =  =  =  £S2S2222''*»*''«»""""*"'**"" 

s 

i!illiil!iiI!^?n^?S??SS^^^^IIi^ 

2 

!^Eg^iisiiiiiiiillSii!!!ii!!!ili 

= 

iil!iil5!lss!!lis!?!!!!S!S!^^!!! 

2 

1 

600  tons, 
lOOJ    ., 
1500    „ 
2000    „ 
2500    „ 
3000    „ 
3500    „ 
4000    „ 
4500    ,. 
6000    „ 
6500    ,. 

eooo  „ 

6600    „ 

70U0    „ 

7600    ,. 

8000    „ 

8600    „ 

9000    „ 

9600    „ 

10.000    „ 

11,000    ,. 

12,000    „ 

13,000    ,. 

14,000    „ 

16,000    „ 

16,000    „ 

17,000    „ 

18.000    „ 

19.000    „ 

20.000    „ 

26,«on  „ 

80,000    „ 

PBOVSSSOB  BANKim'S  HBTKOD.  4S 

Tftble  IL  gives  ft  list  of  mnltipliers  for  determining  the  indicated  horae- 

?>wer  for  sbips,  whose  design  is  ii^  accordance  with   the  conditions  of 
Kble  I. 
For  example, — A  ship  of  6000  tons  displacement  is  required  to  have  a 
■peed  of  li  knotx, 

6000*  -  292-4. 

The  factor  for  a  ship  of  this  length  to  go  at  a  rate  of  14  knoti  is  10-13, 
then 

I.H.P.  -  292-4  X  10-13  or  2962. 

Tbs  skin  nalstailM  is  in  small  Bteamers  the  chief  resistance,  was  long 
ago  recognised,  and  many  minds  had  been  tnmed  to  give  the  subject 
serions  consideration.  It  is  seen  on  reference  to  the  performance  of  very 
fine  steamers  mnniiig  at  high-speeds,  that — notwithatatiding  the  extreme 
care  taken  in  the  designing  of  the  bull  so  as  to  ensure  good  results — the 
amount  of  power  required  seems  eicessive,  when  compared  with  that  of 
ordinary  steamers  at  moderate  speeds.  It  follows  that  either  the  law  of 
resistance  varying  with  the  square  of  the  speed,  is  not  true,  and  tlie  formula 
for  comparison  at  fault ;  or  the  ship  and  machinery  have  a  low  efficiency. 
Modem  research  and  experiment  with  torpedo  boats  and  destroyers  have 
shown  that,  at  certain  high  speeds,  from  some  cause,  the  resistance  increases 
at  a  lower  rate  than  that  of  the  square ;  but  in  the  ordinary  sea-going  and 
rirer  steamers,  the  reverse  would  seem  to  be  shown,  as  the  constants  are 
very  low  at  the  full  speeds,  and  higher  at  the  "  half-power"  speeds,  although 
still  low  compared  with  sbipa  designed  to  steam  at  the  same  speed  as  given 
at  the  half-power  trials.  This  apparent  anomaly  arises  in  great  measure 
from  the  fact  that  the  old  rules,  as  given,  take  no  direct  account  of  the 
wetted  skin,  and  indirectly  only  so  long  as  ships  are  of  very  similar  forms. 
This  can  be  understood  by  comparing  two  ships  of  similar  dimensions,  the 
one  with  fine  hollow  entrance  lines,  and  the  other  with  fuller  and  convex 
lines.  The  latter  abip  will  not  be  suitable  for  very  high  speeds,  but  at 
moderate  speeds  the  lines  (though  not  so  fine  as  those  of  the  fine  ship)  will 
not  prevent  her  from  attaining  very  titarly  the  same  speed  with  the  same 
power  as  the  fine  ship.  The  displacement  of  the  fine  ship  will  be  less  than 
that  of  the  other,  and  by  comparing  their  performance  by  means  of  the 
formula  (page  38),  she  will  show  to  disadvantage.  But  on  looking  more 
closely  into  the  matter,  it  will  be  found  that  the  wetted  skin  of  one  ship  is 
about  the  same  as  tliat  of  the  other,  and  consequently  the  slightly  higher 
speed  of  the  fine  ship,  with  the  same  power  as  the  bluff  ship,  is  appreciated, 
and  is  seen  to  be  due  to  the  finer  entrance  and  more  suitable  water-lines. 
Again,  fast  steamers  are  usually  long  as  a  whole,  compared  with  their  mid- 
ship section,  and  so  when  their  performance  is  compared  with  that  of 
shorter  ships,  it  is  to  the  advantage  of  the  latter  when  judged  by  the 
formula  (page  39).  But  since  the  commercial  value  of  speed  must  bear 
some  relation  to  the  carrying  capacity  of  a  steamer,  the  old  formula  based 
on  displacement  still  finds  favour  in  the  eyes  of  the  owners  of  cargo  ships. 

FrofeBSor  RanUne's  Method. — The  late  Professor  Bankine  suggested  a 
method  of  calculating  the  resistance  of  a  ship,  which  was  based  on  the 
resistance  of  the  wetted  surface,  and  which  also  took  into  account  the  fine- 
ness of  the  water-lines.    It  is  as  follows: — 

Rale  L — Given  the  intended  speed  of  a  ship  in  knots ;  to  find  the  least 
length  of  the  q/Ur-bod}/  neceaaary,  in  order  that  the  resistance  may  nob 
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increase  fitster  th&n  the  square  of  the  speed :  take  lAret-mghtht  of  the  aqoare 
of  the  speed  in  knots  for  the  length  in  feet.  To  fulfil  the  same  oondition, 
the  /or^iodjf  sboald  not  be  shorter  than  the  length  of  the  ailer-body  given 
by  the  preceding  rule,  and  may  with  advantage  be  one  and  a  half  times 
as  long. 

Bale  II. — To  find  the  greatest  speed  in  knots  suited  to  a  given  length 
of  after-body  in  feet,  take  t^e  square  root  of  two  and  two-third  times  that 
length 

Bule  III. — When  the  speed  does  not  exceed  the  limit  given  by  Rule 
IL,  to  find  the  probable  resistance  in  lbs.:  measure  the  mean  tmnMrsscJ  jT**^ 
of  the  ship  on  her  body  plan  ;  multiply  it  by  her  length  on  the  water-line ; 
Uien  multiply  W  I  -<■  4  (mean  square  of  sines  of  angles  of  obliquity  of 
stream  lines),  llie  product  is  call^  the  ai^mwU«d  mr/aoe.  Then  multTiply 
the  augmented  surface  in  square  feet  by  the  square  of  the  speed  in  knota, 
and  by  a  constant  coefficient ;  the  product  wUl  be  the  probable  resistance 
in  lbs. 

Ooefficient  for  clean  painted  iron  vessels,      -  OOl 

„  „      coppered  vessels,  -         •     0-009  to  0-006 

„  moderately  rough  iron  vessels,        -     O-Oll  and  upwards. 

Bule  Ilia. — For  an  approximste  value  of  the  resistance  in  well-designed 
■teamers,  with  olean  painted  bottoms,  multiply  the  square  of  the  speed 
in  knots  by  the  square  of  the  cube  root  of  the  displacement  in  tons.  For 
different  types  of  steamers  the  reaistanoe  rai^^  from  0-8  to  1-5  of  that 
given  by  the  preceding  calculation. 

Bule  IV. — To  estimate  the  net  or  effeetivt  horM-powar  expended  in  pro- 
pelling the  vessel,  multiply  the  resistanoe  by  the  speed  in  knota,  and 
divide  by  326. 

Bule  IVa. — To  estimate  the  grow  or  indioated  hont-pouier  required, 
divide  the  same  product  by  326,  and  by  the  oombiued  efficiencj/  of  engine 
and  propeller.  In  ordinary  cases  that  efficuency  is  from  0'6  to  0-625 
(Bankine,  Bulw  and  Tables).  Marine  engines  to-day  have  a  combined 
efficiency  of  0-66  to  0'7G,  and  some  even  higher. 

Although  the  method  here  proposed  has  been  found  to  give  mnofa  more 
accurate  and  reliable  resulU  than  those  obtained  by  the  older  plans,  it  is 
open  in  practice  to  two  very  strong  objections.  First,  it  is  necessary  to 
have  an  accurate  plan  of  the  ship  from  which  to  measure  the  dimensions 
required;  and  second,  it  is  difficult  in  actual  practice  to  measure  accurately 
the  angles  of  obliquity  of  stream  lines,  and  the  calculation  requires  more 
time  than  can  generally  be  devoted  to  the  purpose.  Often  the  horse-power 
requisite  to  drive  a  ship  at  a  certain  speed  must  be  calculated  at  the  time 
the  lines  are  being  got  out,  and  it  would  be  too  late  to  wait  for  a  plan  of 
the  ship  before  getting  some  idea  of  the  power.  Again,  the  size  and  fineness 
of  a  ship  cannot  be  finally  decided  upon  until  the  weight  of  machinery  is 
roughly  known ;  and,  as  this  will  depend  on  the  power,  it  is  necessary  to 
approximate  to  it  on  very  rough  and  ready  information,  for  which  rough 
and  ready  rules  are  more  suitable  than  the  more  refined  ones.  Hence,  the 
rules  based  on  immersed  midship  section  and  displacement  can  be  oon* 
venientty  used  to  obtain  that  approximation,  and  the  power  calculated 
accurately  from  the  augmented  surface  afterwards. 

Dr.  B^k'B  Analysis. — A  method  of  analysing  the  forms  of  ships,  and  eal- 
mtlating  the  Indicated  Horse- Power,  was  devised  by  the  late  Dr.  A.  0.  Kirk 
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of  Qlaagow,  and  met  with  much  iavour  on  all  sides.  It  is  very  genendlj'  tued 
by  abipbnildersoQ  theOl^deand  elaewliere  for  comparing  the  results  obtained 
from  ste&mers  witli  those  obtained  from  others,  and  likewise  to  judge  of  the 
form  and  dimensions  of  a  proposed  steamer  for  a  certain  speed  and  power. 

The  general  idea  proposed  bj  Dr.  Kirk  is  to  reduce  all  ship  to  so  definite 
and  simple  a  form  that  thej  maj  be  easily  compared ;  and  the  magnitude  of 
certain  features  of  this  form  ehajl  determine  the  suitability  of  the  ship  for 
■peed,  Jic.  As  rectangles  and  triangles  are  the  simplest  forms  of  figure,  and 
more  easily  compared  than  surfaces  enclosed  by  curves,  so  the  form  chosen  ia 
boDnded  by  triangles  and  rectangles. 

The  form  oonsiats  of  a  middle-body,  which  is  a  rectangular  parallelepiped, 
and  the  fore-body  and  after-body  prisms  having  isosceles  triangles  for  bases ; 
in  other  words,  it  is  a  vessel  having  a  rectangular  midship  section,  parallel 
middle  body,  and  wedge-shaped  ends,  as  shown  in  fig.  17. 

Thia  is  called  a  block  model,  and  is  such  that  its  length  is  equal  to  that  of 
the  ship,  the  depth  is  equal  to  the  mean  draught  of  water,  the  capacity  equal 
to  the  displacement,  and  its  area  of  section  equal  to  the  area  of  immersed  mid- 
ship section  of  the  ship.  The  dimensions  of  the  block  model  may  be  obtained 
by  the  following  methods : — 


Fig.  IT.— Kirk's  Analysii. 


Since  A  O  is  supposed  equal  to  H  B,  and  D  F  equals  E  E,  the  triangle 
AD  F  eqnals  the  triangle  F  B  K,  and  they  together  will  equal  the  rectangle 
whrae  base  is  D  F  and  height  A  O.  Therefore,  the  area  A  D  E  £  E  F 
equals  E  E  x  A  H.  The  volume  of  the  figure  is  this  area  mnltiplied  by  the 
height  K  L.  Then  the  vdame  of  the  blook  is  equal  toELxEExAH. 
fiat  E  L  X  E  E  is  equal  to  the  area  of  mid  section,  which  is  by  supposition 
equal  to  the  area  of  immersed  midship  section  of  the  ship,  and  the  volume 
of  the  block  is  equal  to  the  volume  displaced  by  the  ship.  Hence, 
Displacement  x  36  •■  immersed  midship  section  x  A  H ; 


Now 


A  H  ■•  displacement  x  36  -^  immersed  midship  section. 


HB-AB-AH,  andAB-the  length  of  the  ship. 

Therefore,  the  length  of  fore-body  of  block  model  is  equal  to  the  length  of  the 
diip,  less  the  value  of  A  H  as  found  above. 

Again,  the  area  of  section  E  L  x  E  E  is  equal  to  the  area  of  immersed 
midship  section,  and  E  L  is  equal  to  the  mean  draught  of  water.  There- 
fore, 

E  E  —  immersed  midship  section  -f  mean  draught  of  water. 

Dr.  Eirk  also  found  that  the  wetted  surface  of  this  block  model  ii 
nearly  equal  to  that  of  the  ship  ;  and  as  this  area  ii 
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lb*  model,  it  is  a  veij  coavenient  and  simple  way  of  obtaiDing  the  wetted 
ekin.  la  Kctu&l  practice,  the  wetted  akin  of  the  model  ia  from  2  to  6  per 
cent,  in  excesa  of  the  ship  ;  for  all  purposes  of  ooDiparison  &nd  geaeraJ  oal- 
colntion,  it  ia  snfficient  to  take  the  surface  of  the  model. 

The  areft  of  bottom  of  thia  model  -  £  K  x  A  H. 
The  area  of  sides  -2xFEx£:L  =  2(AB-SHB)x  EL-2 
(Ijength  of  ship  -  2  leogth  of  fore-body)  x  meaa  dmaght  of  water. 

The  area  of  aides  of  ends  -4xKBxKL-4  n/H.  B*  +  H  K' 
X  K  L  =  4  V  Length  lore-body»  +  half  breadth  of  model-  x  mean  draught 
of  water. 

The  angle  of  entrance  isEBL;  EBHis  half  that  angle ;  and  the  t«n- 
gent  EBU-EH-i-HB. 

Or,  tangent  of  half  the  angle  of  entrance  ~  half  the  breadth  of  model 
•t-  length  of  fore-bodj. 

From  this,  hj  meana  of  a  table  of  natural  tangents,  the  angle  of  entrance 
may  be  obtained. 

The  block  modfl  for  ocean-eoing  merchant  steamers,  whose  speed  ia  &om 

15  knots  upwards,  has  an  angle  of  entrance  from  24  to  16  degrees,  and  a 
length  of  fore-body  from  0-3  to  0-36  of  the  length. 

For  that  of  ocean  ({oing  steamers,  whose  sprad  is  from  13  to  16  knots,  the 
angle  of  entrance  is  from  30  to  24  degrees,  and  fore-body  from  0-26  to  0-3. 
£uie. — For  angle  of  entrance  of  "block  model" — 

Angle  in  degrees  —  70-=— 

L  is  the  length  of  ship  in  feet,  S  is  the  speed  in  knots. 

Dr.  Kirk  measured  the  length  from  the  fore-side  of  stem  to  the  aft-side  of 
hody-posl  OD  the  water-line.  This  is  on  unnecessary  refinement  when  screw 
steamers  alone  are  being  compared,  as  then  the  length  may  be  taken  as  that 
"between  perpendiculars."  However,  when  small  or  moderate  size  screw 
steamers  are  being  compared  with  paddle-wheel  steamers,  it  may  be  neces- 
sary to  measure  in  this  way. 

Homford'B  Method  of  obtaining  approximately  the  wetted  surface  of  a 
ship  is  as  follows  : — 

Wetted  sar&ce  -  L(l-7  D  +  B  x  C). 
L  being  the  length  between  perpendicalars ;  D,  the  mean  draught;  B,  the 
extreme  beam— all  in  feet ;  and  C,  the  coefficient  of  fineness.     It  is  claimed 
that  by  this  method  a  closer  approximation  to  the  true  wetted  surface  is 
obtained  than  by  Dr.  Kirk's  rule. 

To  find  the  Indicated  Horse- Power  from  tbe  Wetted  Snr&ce. — In  ordinnry 
oases,  where  steamers  are  formed  to  suit  the  speed  as  indicated  above,  the 
number  of  horse-power  per  100  feet  of  wetted  sur&ce  may  be  found 
by  assuming  that  the  rate  for  a  speed  of  10  knote  is  6,  and  that  the 
qaantity  Tories  as  the  cube  of  the  speed.  For  example, — To  find  the 
number  of  Indicated  Horse-Power  necessary  to  drive  a  ship  at  a  speed  of 

16  knots,  having  a  wetted  skin  of  block  model  of  16,200  square  feet : 

The  rate  per  100  feet  -  (^    x  6  -  16-876. 
Then  LH.P.  required  -  16-876  x  162  -  2734.    ^ 
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Wben  the  ship  ii  szoeptionally  well-proportioned,  the  bottom  quite 
olean,  ftod  the  ejteieruy  of  Ae  machinery  biga,  as  low  a  »te  aa  1  horse- 
power per  100  feet  of  wetted  skin  of  block  model  may  be  allowed. 

It  was  observable  that  ihipa  of  H.U.  Navy  required  a  lar)ie  amount 
<rf  Indicated  Horse-Power  for  their  wetted  skins,  notwithstandiDg  their 
exceptionally  fine  lines  and  smooth  bottoms,  a  fact  which  would,  at  first 
sight,  lead  to  the  belief  that  the  large  I.H.F.  was  due  to  the  extreme  beam 
for  the  length,  when  compared  with  ships  of  the  merchant  navy.  As  a  rule, 
tiie  ratio  of  length  to  breisdth  in  the  merchant  service  is  much  larger  than 
in  warships;  and  because  the  speed  constants  of  the  latter  are  much  lower 
than  those  of  the  former,  it  is  urged  that  long,  narrow  ships  are  much 
easier  to  drive  than  broad  ones ;  but  this  is  not  of  neoessity  tme,  and  the 
cause  of  difference  between  the  two  ^pea  of  ship  is  not  far  to  seek  when 
carefully  looked  for. 

It  is  true  that  the  wetted  suT&oe  of  a  warship  is  larger  in  proportion 
to  her  displacement  than  that  of  a  merohant  Aip,  from  the  foot  that 
the  warship  has  a  greater  rise  of  floor,  often  a  deeper  keel,  and  large 
bilge-keels  or  rolling  chocks,  all  of  which  tend  to  add  to  the  akin  oon< 
siderably  without  adding  much  to  the  displacement.  But  although  this 
increase  of  wetted  surface  undoubtedly  adds  to  the  resistance,  and  so 
would  account  for  low  constants  by  the  old  rules,  it  is  not  a  sufficient 
explanation  for  the  high  rates  per  100  feet  of  wetted  surface. 

Thn  friction  of  the  water  per  square  foot  of  surface  may  vary  slightly 
with  the  pressure,  so  that  the  resistance  from  a  square  foot  near  the  water* 
line  may  be  different  from  one  20  feet  below  it,  and  as  the  sbipi  of  the 
Navy  formerly  dreto  more  teaier  for  their  displacement  than  do  merchant 
•teamers,  and  the  keel  and  bilge-keels  are  near  the  bottom,  the  average 
presaure  per  square  foot  of  their  surface  will  be  greater  than  the  latter. 
But  it  will  be  seen  that,  after  all  due  allowance  has  been  made  for  this,  the 
performance  of  the  best  nava!  ship  was  still  far  behind  that  of  a  well-designed 
merchant  ship ;  and  since  the  ship  had  had  every  care  bestowed  upon  the 
designing,  and  all  allowance  had  been  made  for  the  causes  above  indicated, 
it  was  necessary  to  seek  for  the  loss  in  some  other  direction. 

The  gross  Indicated  Horae-Fower  includes,  of  course,  the  power  necessary 
to  overcome  the  friction  and  other  resistance  of  the  engine  itself  and  the 
shafting,  and  also  the  power  lost  in  the  propeller.  In  other  words, 
Indicated  Horse-Power  does  not  show  by  itself,  and  is,  therefore,  no 
measure  of  the  retittanet  of  the  thip,  and  can  only  be  relied  on  as  a  means 
of  deciding  the  sise  of  engines  for  speed,  so  long  as  the  efficiency  of  the 
engine  and  propeller  is  known  definitely,  or  so  long  aa  similar  engines  and 
propellers  are  employed  in  ships  to  be  compared.  The  former  is  very 
difficult  to  obtain,  and  although  a  glimpse  at  the  efficiency  of  machinery 
may  be  obtained,  as  will  be  shown  later  on,  it  is  nearly  impossible  in 
practice  to  know  how  much  of  the  power  shown  in  ^e  cylinders  is 
employed  usefully  in  overcoming  the  resistance  of  the  ship.  Two  notable 
examples  from  among  a  gre»t  many  will  illustrate  how  the  efficiency  of 
the  propeller  may  vary.  H.M.S.  "  Amazon,"  originally  fitted  with  a  four- 
bladed  Mangin  screw,  ran  12'064  knots  on  the  measured  mile  with  1940 
Indicated  Horse-Power.  This  result  was  deemed  very  unsatisfactory,  and 
inj mediately  after  a  two-bladed  Griffith's  screw  waa  fitted,  with  which  the 
ship  made  12-396  knots  with  only  1663  I.H.F.  Many  years  after  this, 
H.M.a.  "Ills"  fiuled  to  obtaio  the  speed  for  which  she  was  designed, 
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doing  only  18-677  knots  with  7S03  I.H.P.,  with  a  fonr-bUdod  wrew;  bat 
with  a  two-bladed  Oriffith's  aoraw  18-587  knots  was  obtained  with  7656 
I.H.P.,  or  2  knots  more  with  tiia  same  power.  Kow,  in  both  these  caaaa 
four-bUded  propellers  were  replaced  by  two-bl»ded  Griffith's,  and  so  it  may 
be  urged  that  it  was  the  superior  form  of  blade  and  the  number  of  blades 
whioh  made  the  diSerenoe  j  but  in  the  merchant  serrioe  four  blades  is  the 
rule,  and  the  Griffith's  form  is  by  no  means  nniverBaL  There  was, 
however,  one  other  point  in  common  with  the  alterations  to  the  two  shq>a 
— viz.,  the  pitch  was  increased  when  the  Griffith's  blades  wer«  fitted,  ao 
that  Uie  engines  did  not  make  so  many  reToIutions  per  minute  in  the  case 
of  the  "  Amazon,"  and  the  number  of  revolutions  per  knot  in  the  case  of 
the  "Iris"  was  less  than  before.  This  is  a  point  very  generally  over- 
looked, and  the  whole  of  the  improvement  effected,  inatead  of  a  pM^  only, 
is  thereby  placed  to  the  credit  of  the  propeller.* 

The  engines  of  a  warship  were  generally  horizontal,  and  of  neoessity 
of  short  stroke,  and,  in  order  that  a  eertain  power  might  be  developed 
with  a  fixed  weight  of  machinery,  they  were  run  at  a  higher  number 
of  revolutions  per  minute  than  is  usual  in  the  merohant  service;  and 
bence,  as  point«d  out  in  Chapter  iL  it  was  not  surprising  to  find  their 
efficiency  very  much  lower  than  the  long  stroke,  vertical,  alow  running 
engines  of  the  merchant  service. 

The  success  of  torpedo  boats  and  destroyers  depends  almost  wholly  on 
their  lightness  of  both  hull  and  machinery,  enabling  them  to  do  with  so 
small  a  displacement  that  they  literally  skim  the  water,  and  the  resistanoe 
per  square  foot  of  wetted  skin  is  conaeqaently  comparatively  small. 
Unless  small  boats  are  made  to  float  at  a  very  light  draught  they  cannot 
be  driven  at  high  speeds,  and  all  experiments  witti  fiut  river  steamers  on 
the  Clyde  and  elsewhere  have  shown  the  decided  advantage  of  light 
draught.  The  effect  on  ships  of  the  depth  of  water  in  whioh  they  move 
is  also  considerable,  and  very  interesting  data  hare  been  given  in  the 
contributions  to  the  Institution  of  Naval  Architects,  but  it  is  scarcely  a 
subject  for  further  consideration  here, 

ProgresaiTe  Trials. — In  modem  ship-trials  information  is  usually  sought 
both  as  to  the  power  required  for  the  highest  speeds  and  (what  is  oqually 
important)  for  lower  speeds,  as  such  knowledge  gives  the  means  of  gauging 
the  efficiency  of  ship  and  engines,  jointly  and  separately,  and  is  useful 
in  ship  designing. 

The  system  of  examination  is  as  follows : — Let  P,  P,  P,  be  the  power 
developed  in  obtaining  the  speeds  8,  Sj  8,  in  knots  with  E^  R,  B,  revolu- 
tions per  minute.  Take  a  line  AN  as  a  base  line  (fig.  18):  on  it  take 
poiaU  B,  0,  and  D,  so  that  AB,  AO,  AD  are  ^oportional  to  8iS,S,; 
at  the  points  B,  0,  D  erect  ordinates,  B  6,  Cc,  Dd,  so  that  they  are 
proportional  to  P^  P,  P,.  Through  the  points  b,  a,  d  draw  a  curve,  whioh 
18  called  the  aurve  of  power,  or  curve  of  LB. P.,  and  it  is  such  that  if  an 
ordinate  be  drawn  through  any  other  point,  X,  on  the  line  AN,  the 
part  Xx  intercepted  will  measure  the  power  corresponding  to  the  speed 
measured  by  AX.  If  the  curve  is  accurately  drawn,  it  will  be  found 
that  it  does  not  pass  through  the  point  A,  but  above  A,  at  a  distance 
A  a;  this  would  signify  that  when  the  engine  was  indicating  the  power 
measured  by  A  a  the  ship  would  not  move,  and  so  Aa  u  the  amount 

"Lately  the  speed  of  H.M.8.  "Drake"  has  beera  inoroMod  torn  23-00  to  Mil 
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oi  power  reqnired  to  overcome  the  resutance  of  the  machinery  and 
propeller  at  starting,  or  rather,  when  not  propelling  the  ship,  and  hence 
Aa  ia  said  to  repreapnt  the  initial  Jriotion  ot  the  machinery, 

dure  of  Revolatlooa. — A  curve  of  revolntiona  ia  ooDBtruct«d  in  a  nmilar 
▼ay,  by  taking  points  r,  ToTj  on  the  ordin«teB,  lo  that  Brj,  O^  Dr,  are 
proportional  to  B,  R,  B,.  When  the  alip  ia  eonttant  the  oarve  of  revolatiou 
become*  a  straight  line. 

ClUTe  of  Blip. — The  alip  may  be  ahown  by  a  curve  wboae  ordinatea  are 
proportioDul  to  the  alip  ac  the  apeeda  Sj  S*  Sj. 

Ezumination  of  Cnrves  will  ahow— (l)  what  indioated  horae-power 
revolations,  &nd  slip  correapond  to  any  apeed  intermediate  to  thoae 
obaerved  j  (2)  the  efficiency  of  the  engine  at  ita  htoetl  pottible  tpeed ;  and 
from  it  an  idea  may  be  formed  of  ita  general  efficiency,  and  a  oompariaon 
made  with  other  enginea ;  (3)  the  efficiency  of  the  ahip,  m  tosted  by  the  rate 
of  increase  of  power  for  apeed,  wliioh  ia  aeen  by  the  form  of  the  carve 
towards  the  higher  apeeda — if  It  begina  to  moant  upwarda  aaddenly  it  ia 
certain  that  the  reaistance  baa  there  began  to  increaae  ahnormHily  ;  (t)  that, 


if  the  curve  ia  one  fairly  following  the  law  of  reaiatanoe  increasing  u  the 
aqiiare  of  the  speed,  an  estimate  may  be  made  from  it  of  the  power  requisite 
to  drive  a  aimilai-  ship  at  speeds  higher  than  the  highest  observed  curves,  or 
lower  than  the  lowest ;  (6)  any  sodden  riae  in  the  slip  alone  indicatea  the 
propt-Uer  to  be  defective  in  either  diameter  or  surface,  or  loth. 

Another  method  of  expressing  the  results  of  progressive  trials  is  by 
setting  ont  A  B,  A  0,  A  D  proportional  to  Sj>  S,'  S,*,  and  erecting  ordinatea, 
&c,sB  before.  If  the  Indicated  Uorse-Fower  throughout  varies  aa  the  cube 
of  the  speed,  the  "power  curve*  or  line  drawn  through  the  points  b,  a,  d, 
will  be  a  straight  line;  and  if  the  power  increases  at  a  higher  rate  ihnn  the 
cube  of  the  speed  at  any  point,  the  line  will  again  assume  the  carved  form. 
Tbe  advantages  of  this  plan  over  tbe  one  before  described  lie  in  the  fact 
that  a  straight  line  is  more  easily  drawn  than  any  onrve,  that  any  deriution 
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from  a  stnight  line  ia  more  easily  delected  than  that  of  one  carre  from 
another,  and  that  the  prodnotion  of  a  straight  line  ii  leaa  liable  to  error 
than  a  cnrre,  ao  that  the  interception  of  Aa  ia  leaa  open  to  error  than  by 
th«  prenoDB  method.  Of  oourae,  the  carves  of  alip  and  revolntiona  cannot 
be  examined  ao  well  by  thia  latter  method  aa  by  the  former,  and  it  ia  only 
the  "  power  onrre  "  that  ahonld  be  analyaed  ia  tbia  way. 

The  valnea  of  the  different  "conBtAuU,"  rates,  &&,  for  ahipa  fonnd  from 
oaleulationa  made  from  the  reaulta  of  carefally  conducted  trial  tripa,  are 
more  reliable  than  those  got  by  taking  averages  whea  employed  in  oaleula- 
tiona for  propoaed  ahipa.  Tables  iiL  to  tL  give  the  vaJuea  of  oonstants, 
Ac,  aa  obtaioed  from  the  performances  of  some  well-known  ships  of  Tariona 
types  and  sizes. 

Wetted  BUn. — The  method  of  obtaining  the  Indicated  Horse-Power  by 
allowing  a  certain  rate  per  100  square  feet  of  wetted  surface  is  by  no  means 
a  new  one,  it  having  been  used  by  some  shipbuilders  for  very  many  years  ; 
bnt  it  is  oomparativeiy  recently  that  it  has  been  senerally  used,  and  now 
with  some  reservation,  aa  it  requires  a  oonsiderable  amount  of  accurate 
information  to  use  with  confidence,  and  a  larger  staff  than  was  usual  in 
drawing  offices,  to  make  the  necessary  calculation B.  Although  not  so  accurate 
ai,  perhaps,  may  be  considered  necessary  by  some.  Dr.  Kirk'a  plan  certainly 
oommendB  itself  to  aU  from  its  simplicity  and  ease  in  calculation,  and  very 
little  experience  is  sufficient  to  enable  the  naval  architect  to  make  the 
requisite  allowances  for  all  practical  purposes.  It  will  be  found  that  the 
excess  of  wetted  skin,  as  calculated  from  the  block  model,  over  that  obtained 
by  actual  measurement  does  not  exceed  8  per  cent,  and  it  is  only  in  exceed- 
ingly fine  hollow  line  Bbips  that  so  great  a  difference  exists.  Ships,  as 
generally  designed  nowadays,  having  fine  lines,  but  not  hollow  to  the  extent 
that  obtained  in  those  constructed  on  the  VMve-line  principle,  will,  as  a  rule, 
difi^er  only  by  about  6  per  cent.,  and  ordinary  sevgoing  ateamers  by  only  3 
per  cent.,  while  JvU  ships  will  have  a  wetted  surrace  within  2  per  cent,  of 
that  obtained  by  calculation  from  the  block  model. 

Sea  Ferfonoanoe  of  StsEuners. — That  the  engines  may  work  economically, 
both  in  ccnsumption  of  coal  and  storaa,  as  well  as  in  wear  and  tear,  it  ia 
advisable  to  run  them  at  such  a  speed  that  they  develop  about  80  to  90 
per  cent,  of  the  maximum  power.  Steamship  owners  do  not  always  care  to 
pay  for  26  per  cent,  more  power  than  is  requiaite  to  drive  their  ships  at  the 
speed  intended,  but  there  can  be  little  doubt  that  it  is  true  economy  in  the 
end  to  do  so.  For  short  voyages  there  ia  net  the  necessity  for  this  reserve 
of  power,  and  very  fast  ateamers  could  not  afford  to  carry  the  weight  entailed 
by  such  an  excess  of  power  beyond  the  actual  requirements  ;  but  ordinary 
seagoing  steamers  making  long  runs  can,  as  a  rule,  easily  do  this  without 
much  sacrifice,  and  the  wisdom  of  such  a  course  would  be  shown  by  the 
saving  in  working  expenses  at  the  year's  end. 

Although,  aa  a  rule,  trial  trips  are  made  honestly,  and  what  the  engine 
haa  done  on  the  day  of  trial  it  can  easily  be  made  to  do  again,  still,  with  the 
limited  staff  available  for  continuenu  service  when  the  ship  is  at  sea,  there 
cannot  be  that  attention  devoted  to  the  working  parts  which  was  bestowed 
by  the  staff  of  the  manufacturer  ;  and  the  applioation  of  water  to  the  bear- 
ings and  braeaes  to  prevent  heating,  which  is  usually  deemed  absolutely 
necessary  by  sea-going  engineers  when  the  engine  is  running  at  fall  speecl, 
cannot  bnt  affect  those  part«  prejudicially,  and  is  a  poor  suDstitnte  for  an 
attendant.    Unless,  then,  the  engine  is  run  at  a  power  (ooroinnad  p.  57} 
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TABLE  VK.— RiLATioir  oi 

FOWBBS 

AHD  DlBPUOBHBHTS.* 

1I0.L 

Ko.1. 

Has. 

Ho.!. 

Ko-C 

Ungthinfwt.         -       -■ 

280 

SCO 

360 

43S 

MO 

Brewiih  in  feet.        -        - 

sa 

43 

60 

69 

71 

Mean  draught  in  feet,      - 

18 

IIH 

23| 

24i 

26i 

1,800 

8,400 

7.400 

11,000 

I.H  P.  for  20  knots. 

6,000 

9,000 

ll.OUO 

14.000 

ment:    .        .        :        . 

The  followiog  hone-powera  irere  r«qair«il  to  drive  craisera  Nos.  4  aad 
6  in  tlift  above  table  at  the  apeeds  named  : — 


Ko.*. 

Ho.». 

1,SOO  LH.F. 

1,800  I.H.F. 

12      „ 

2.S00      „ 

8,100      ., 

1«      » 

4.000     ,. 

^000      „ 

16      „ 

7.800      „ 

18      » 

8.000     „ 

11,000      „ 

20      „ 

14.000      „ 

16.600      „ 

«      ., 

83.0UO  ;: 

23,000      „ 

The  Iridional  reaiatanoe  of  clean  painted  aarfaoes  variea  about  aa  the 
1-8^  power  of  the  apeed,  bat  reaiatance  dne  to  ware  making  may  vary  Terr 
widf^ly,  aiace  it  ia  dependent  on  form.     The  total  reaiatanoe  of  "  Deatroyen 


haa  been  fonad  to  vary  aa  followa 

# 

Up  to  11  knota. 
At      1«     „ 
„    18-SO     „ 
»        22     „ 
..        25     „ 
.,  26-30     ., 

novlv  u  EpBoA 
„>!»«i 

Upto  11  knota. 

At  131  to  18  knot*,   - 

„  ipeed-**" 

and  at  higher  apeeda  aa  itill  lower  powera  of  the  apeeda. 

The  relation  of  the  frictional  to  the  total  resistance  is  *  : — 


"D.rtcor«.- 

CnUw. 

At  12  knota, 
..   18      „ 
»  20      „ 
.,  28      „ 
.,  30      „ 

SOperoent. 
70        ,, 
nearly  SO       „ 

4B        » 

OOperiMit. 
85        „ 
nearly  80       „ 
oT«  70       „ 

If  the  coefficient  of  friotion  be  doubled  (aa  it  might  easily  be  with  a  fosl 
bottom),  the  maximum  8p>>ed  of  the  "  Deatroyer  "  would  fait  fully  6  knota, 
and  that  of  the  cruiser  would  be  rednoed  to  19  knots.     See  Tables  iii  to  viA, 
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Bomewiiftt  below  th«t  of  the  tri&l  trip,  eitlier  a  larger  tt»S  of  engineers  and 
ttttendasts  must  be  employed,  or  the  wear  and  tear  maj  be  ezoeBuva.  It 
is  true,  on  the  other  band,  that  some  engines  will  develop  nu>re  power  after 
«  voyage  or  two  than  was  obtained  on  their  trial  trip,  due  to  the  wearing 
down  of  rough  aorfaoes  of  the  gnides  and  cylinder  walls,  and  to  the  genertu 
"smoothing  of  all  the  rubbing  larfaccB ;  but  it  is  alto  true  that  even  such 
engines  should  not  be  rnn  for  lengthened  periods  at  their  mazimnm  power. 
I<£ewiBe,  the  im prove ments  in  design  and  the  employmeat  of  better 
materials  for  gnides  and  bearing!  admit  of  modem  engine*  being  worked 
at  hi:  h  speeds  with  less  risk  than  was  the  case  formerly.  The  better 
balancing  of  tbe  engine  with  three  cranks,  and  the  almost  perfect  balancing 
of  the  fonr-crank  engiDe,  together  with  tbe  extended  use  of  superior  white 
mpts]  in  guides  and  bearings,  metallic  packing  in  the  principal  stuffing-boxes, 
Iiave  permitted  of  a  high  rate  of  revolution  with  less  risk  than  obtained  for- 
merly with  the  slow-running  mercantile  engine ;  but,  notwithstanding,  a 
reserve  of  power  for  bad  weather  and  emergenoies  is  in  every  ship  highly 
desirable. 
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CHAPTER   rV. 


Thi  cboioe  of  the  p&rtioolar  type  of  engine  for  a  partioalar  Mrrioe  depsnds 
oa  auatf  things  beyond  th»  control  of  the  desigoer,  and  ii  goremed  by  ono 
or  two  oonudentioos  of  panunonut  importanoa. 

In  large  ships  of  moderate  pover  there  is  free  soope  geiierallj  for  design- 
ing any  partionlar  style  of  engine  which  will  give  good  resalta,  or  which,  in 
the  mind  of  the  engineer,  will  best  suit  the  conditions  of  the  service  ;  bnt 
in  small  ships,  and  large  ships  with  large  power,  the  utmost  consideration  is 
required  in  the  choice  of  design,  and  the  highest  skill  is  neoeaaaiy  to  work 
out  BuooeasfuUy  that  design,  so  as  to  keep  within  the  limit*  entailed  by  the 
■hip's  size  and  oonstmction. 

Space  ooanpied  by  Haohlnery. — ^The  first  oondition  by  which  the  engineer 
ia  bound  is  the  space  occupied  by  the  engines  and  boilers,  and,  in  consequence 
of  this,  more  ingenuity  has  been  displayed  in  designing  engines  to  occupy  a 
minimum  amount  of  room  than  in  almost  any  other  direction.  The  be^  of 
the  ship  decides  the  limit  of  engine-room  in  one  direction,  and  tiio  require- 
ments of  the  shipbuilder  and  owner  cramp  it  in  the  other.  In  the  merchant 
navy  therti  ia  little  objection  to  engines  ooonpying  space  vertically  ;  bnt  for 
warships,  it  ia  almost  a  necessity  that  they  be  whoUy  below  the  water-line 
or  protected  by  armour.  Paddle-wheel  engines,  whi^  have  the  shafting  in 
the  direction  of  the  beam  of  the  ship,  and  are  thereby  limited  only  to  the 
space  oocapied  by  the  cylinders  and  their  fittings,  are  not  mnch  afieoted  by 
this  limitation,  inasmuch  aa,  although  there  is  somelimes  too  little  room 
when  placed  side  by  side,  the  cylinders  may  be  aituated  the  one  before,  and 
the  other  abaft  the  shaft,  acting  on  the  same  crank,  or  one  above  the  other, 
or  on  separate  onea.  The  stroke  of  a  paddle-wheel  engine  ia  only  of  necea- 
aity  governed  by  the  dimensions  of  the  ship  when  the  cylinder  is  placed 
vertioally,  and  the  piston-rod  connected  directly  with  the  crank-pin,  or  by 
means  of  an  intervening  connecting-rod.  This  is  the  case  with  the  oscillat- 
ing, and  also  with  the  direct-acting  vertio&l  engine,  the  latter  being  seldom 
or  never  used  for  this  purpose.  The  steeple  engine,  and  other  kindred  forma, 
are  only  partially  limited,  aa  even  in  very  shallow  ateamera  there  is  height 
snfficient  for  a  oonsiderable  length  of  stroke.  The  other  forms  of  vertical 
paddle-wheel  engine — sidfrJever  and  overhead  lever — may  hav»  any  length 
^ttroka  0/ piston. 

Long  strokes  of  piston  with  the  oaoiUating  cylinder  can  always  be 
obtained  by  placing  it  inclined  in  its  mid  poaiUon ;  and  the  direct-acting 
engine  having  verr  long  stroke,  can  be  employed  in  the  aame  way.  The 
vertical  heij^t  of  uie  ahafb  of  a  paddle  engine  above  the  bottom  of  the  ship 

*  Fot  putioulan  as  to  weight  of  Machinery,  vide  and  of  volama. 
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depends  on  the  di&meter  of  the  wheel,  and  the  dranght  of  water  of  the 
ship  at  the  wheel ;  the  diameter  of  the  wheel  dependa  on  the  speed  of 
the  ship  and  the  revolationa  at  which  it  is  to  be  run. 

Breadth  of  Faddle-Wbeel  Engines.— The  spaoe  athwartabipe  of  the  osoil- 
l»ting  engine  is  general]]'  more  than  that  of  any  other  enf^ne,  on  aooount  of 
the  room  required  bj  the  trunnions  and  their  connecting-pipes,  as  well  as  bj 
the  belts  surrounding  the  cylinders ;  but  notwithstaadiog  this,  it  is  seldom 
found  that  an  engine  of  this  type  cannot  be  placed  even  in  very  narrow  rirer 


The  following  rules  will  be  found  to  give  approximately  the  minimum 
breadth  of  a  paddle-wheel  engine,  measured  over  all  athwartships  octom  tha 


(a)  1  Crliiidn;  osoiUoting  ODgine 

(M  2        „ 

(«)  I  Cylinder  diagonal  engine 

id)  S        „  ,.  „    (side  bj  side) 

(e)  1  PyUnder  Btoeide  engine 

811 


B-20    K  D+  1-0 foot. 

=  4-0    X  D4-2'6fMt. 

=  1-26  X  D+  Ifoot. 

=  2-6    X  D-f  8  feet. 

=  l-2ti  X  D-f  Ifoot. 

=  2-5    X  D  +  2  feet. 

=  15    X  D  +  I'&feet 

=  3-0    X  D  +  4  feet 


D  is  the  diameter  of  the  cylinder ;  when  the  engines  are  compound,  eaoh 
cylinder  is  to  be  mnltiplied  by  Jia{f  the  multij^er  given  in  the  above 
table. 

For  example,  the  breadth  of  a  compound  oscillating  engine  having  cylin- 
ders c^  and  D  diameter,  B  »  2ii  +  2  D  +  2-5  feet. 

It  often  happens,  when  the  engines  are  of  long  stroke,  that  the  breadtJi 
of  the  entablature,  or  frame  oontMuing  the  Hhafb-bearinga,  is  more  than  that 
over  the  oylindars.  This  breadth  is  approximately  G  times  the  diameter  of 
t^e  crank-shaft  for  a  si  ogle-cylinder  engine,  and  14  times  the  diameter  of  the 
shaft  for  engines  with  two  cylinders,  when  there  is  no  intermediate  crank  to 
work  the  pnmpe ;  when  there  is  a  crank  or  targe  eccentric  for  this  pur- 
pose, the  breadth  is  about  16'6  times  the  diameter  of  the  shaft  in  the 
journals. 

Length  of  Paddle  EngineB.— The  distance  of  the  cylinder  end  from  the 
centre  of  the  shaft  is,  of  course,  nearly  proportional  to  the  stroke,  and  is  in 
oscillating  engines  much  shorter  thui  in  diagonal  direct-acting  engines. 
This  distanoe  is  given  approximately,  thus : — 


S  is  the  stroke,  D  the  diameter  of  the  cylinder,  which  in  compound  engines 
is  that  of  the  high-pressure  cylinder. 

Space  is  saved  by  fitting  two  piston-rods,  which  admits  of  the  orank-pin 
brasses  passing  between  their  two  stuffing-boxes ;  this  is  sometimes  done,  but 
the  same  economy  can  be  effected  in  direct-acting  engines  in  a  simpler  way. 
The  space  occupied  by  lever  engines  in  a  fore  and  all  direction  is  about  three 
times  the  stroke  of  the  piston  +  the  diameter  of  the  cylinder.  In  the  other 
form  of  engines,  where  the  cylinder  is  vertical,  the  space  oocupied  by  them 
depends  in  great  measure  on  the  condenser.  The  condenser  of  a  diagonal 
engine  is  generally  placed  beneath  it,  so  as  to  occupy  no  more  space  in  the 
ship  beyond  that  covered  by  the  engine  itself. 
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Bcntt  finglnOT. — The  shftfting  of  jomo  «»ginM  U  in  the  direotion  of  thd 
length  of  the  ship,  tmd,  consequently,  the  uda  of  the  cylinder  or  centre 
line  of  each  engine  will  be  in  »  plane  at  right  anglea  to  this,  and  may  be 
vertical,  horisontal,  or  inclined  If  the  machinery  ia  to  be  kept  nnder  the 
Tater-line,  it  moBt  be  borisontal,  or  only  slightly  inclined  to  thiat  position ; 
or,  if  vertioal,  of  short  stroke ;  while  the  length  from  centre  of  shaft  to  end 
of  crliuder  ia  limited  to  the  balf-breadth  of  the  ahip ;  aod,  in  reality,  owing 
to  ute  rise  of  floor  and  ronnd  of  the  bilge,  &c.,  the  allowanoe  asoally  falu 
&r  below  this.  Length  of  stroke  ia,  therefore,  neoesaarily  short  by  com- 
parisoD  with  the  vertioal  engines  in  the  mercantile  marine.  Tbe  vertioal 
engins  may  have  exceptionally  long  strokes  in  large  ooean  steamers ;  and, 
even  in  ordinary  merchant  steamers,  the  stroke  may  be  longer  than  nsnally 
obtains,  withont  necessitating  any  special  arrsDgement  in  the  ship. 
Roughly,  the  atroke  cf  a  vertical  direct-acting  engine  for  a  merchant 
steamer  ia  never  less  than  two-thirds,  and  may  Be  as  long  as  foni^fifths  tbe 
diameter  of  the  low-presaare  cylinder;  and  that  of  a  vertical  Naval  engine 
ii  0'5  to  0'6 ;  while  that  of  a  boriEOotal  engine,  power  for  power,  will  be 
only  abont  a  half  the  diameter  of  low-pressure  cylinder,  and  even  ao  long 
a  atroke  as  this  was  only  admissible  in  ahipa  of  great  beam,  as  was  oanal 
with  armoured  ships  and  cruisers  which  carry  a  large  spread  of  canvas. 

The  Betoin  ConneotlDg-Rod  Engine,  of  all  the  horizontal  kinds,  admits 
of  the  iongeat  stroke,  inasmuch  as  the  cylinder  front  of  it  oan  be  closer  to 
the  shaft  than  that  of  any  other  type :  this  dislanoe  being  limit«d  to  the 
length  from  tbe  centre  of  the  shaft  to  the  connecting-rod  end  at  the  crank- 
pin  ;  this  end  of  the  connecting-rod  passes  between  the  two  stuffing-boses 
of  tlie  ptston-rods,  and  bence  from  Uie  cylinder  to  it.  when  at  tbe  end  of 
the  stroke  there  need  be  only  sufficient  space  for  safe  dtaranct.  Space  in 
this  class  of  engine  is  sometimes  saved  by  dithing  the  piston,  which  odmiis 
of  the  cylinder  fronts  being  conoave  towards  the  rod,  and  the  cylinder  itself 
so  much  nearer  to  the  shan^  Of  course,  the  oylinder-oover  in  this  case  will 
be  convex  outwards,  and  so  the  distance  gained  at  the  front  is  lost  there ; 
but  the  difficulty  is  to  find  space  for  the  cylinder<»over  and  flxnge  at  tbe 
turn  of  the  bilge,  and  by  this  arrangement  such  space  is  obtained,  and  there 
is  always  plenty  of  room  at  the  level  of  the  centre  of  the  cylinder.  The 
oonnecting-rod  with  the  piston-rod  crossheads,  Ao.,  are  on  the  side  of  the 
shaft  opposite  that  of  tiie  cylinder,  and  there  is  never  any  difficulty 
experienced  in  finding  room  for  tbem.  It  is  usual  (and,  certainly,  necessary) 
to  fit  a  "t«l-rod"  or  "trunk"  at  tbe  back  of  the  pistons  of  boritontal 
engines  having  cast-iron  pistons,  in  order  to  relieve  the  cylinder  bottom  of 
their  weight ;  such  rods  uass  through  stuffing-boxes  in  the  covers,  and  have 
at  their  ends  slipper  guide-blocks  supported  on  slides.  There  is  sometimes 
a  difficnlty  found  in  obtaining  sufficient  room  for  this  apparatus  in  its  most 
approved  form  at  the  aft  engine,  although  generally  the  form  of  the  sections 
of  a  warship  admit  of  it.  The  general  adoption  of  steel  pistons  has,  how< 
ever,  now  obviated  the  necessity  for  this. 

Trunk  Engines.— The  distance  of  the  front  of  the  cylinder  in  these 
engines  is  considerably  more  than  that  on  the  preceding  type,  as  there 
must  be  sufficient  room  for  tbe  trunk  when  /uU  tru<  to  be  clear,  not  only  of 
tbe  crank-shait,  but  also  when  there  are  balance  weights  fitted  to  the  crank- 
arms  (as  is  uansl)  to  be  clear  of  these  too.  When  tbt^re  are  balance  weights 
fitted  to  the  crank-arms,  the  distance  of  the  cylinder  front  from  the  centra 
of  the  shaft,  is  longer  by  a  distance  equal  to  the  length  of  the  atroke  in  a 
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troDk  engiiis,  thaa  in  a  return  conneoting-rod  engin&  Agun,  for  the  SAme 
am  of  piaton,  the  Utter  has  a  imkller  mftmeter  of  piatou  thim  the  former 
engine,  ftod,  ooosequentl^,  with  the  aune  height  of  centre  the  stroke  cuinot 
be  >o  long.  The  back  trunk  umplj  pasieB  through  %  itoffiog-box  in  the 
eOTsr,  and  baring  no  guides  or  appendages,  there  is  generally  room  for  it 
in  tile  wings. 

Length  of  Screw  Engflias. — The  distanoe  from  the  oentre  of  orank-shaft 
to  the  back  of  cylinder-oorer  of  horismtal  engines  is  given  approzimatelj 
bjr  the  following  rules : — 

(a)  DirMt-MtiDg  (ogiiMa,  ■       L  -  S-6    x  S  +  0-«  x  D  +  e  inobw. 

(fi)  Betnm  ooniieotiDg-rod  mginM,  L  =  1*6    x  8  +  O'S  ■  D  +  S  tDohei. 

<e)  Trunk  engmes,         -               -  L  =  3-6x8  +  0-6x0  +  6  inchet. 

(d)  Vertical  engiiiM^        •  L  -  4-20  x8  +  0-8xD  +  6  inoliei. 

S  is  the  stroke,  D  the  diameter  of  the  oylinder,  which,  in  compound  engines 
is  tbat  of  the  bigh-preasnre )  the  length  of  the  oonneoting-rod  in  the  direot- 
acti^  engine  is  assamed  to  be  twice  the  length  of  stroke. 

The  Space  required  in  a  Fore  and  Aft  Direction  for  horizontal  engines 
depends  chiefly  on  the  diameter  of  the  cjUnders,  and  the  arrangement  of 
the  Talre-bozea.  If  these  latter  are  on  the  sides  (that  is,  if  the  valve-iaoe 
is  TBrtioal),  then,  not  only  is  room  occupied  by  the  boxes  themselves,  but 

See  is  required  to  admit  of  the  doors  being  removed,  and  the  valves  witb- 
wn.  This  is  somewhat  reduced  by  placing  the  valve-box  of  the  low- 
pressure  cylinder  between  it  and  the  medium-pressure  eylinder,  as  is  osual 
with  vertical  engines;  but  this  arrangement  is  often  very  inconvenient, 
and  not  always  admissibla 

If  the  vsJve-boxes  are  placed  on  the  top  of  the  cylinders,  so  that  the 
bees  are  horizontal,  mnoh  space  is  then  saved,  both  in  the  engine  itself 
and  in  the  room  required  for  it. 

The  distance  over  the  cylinders,  from  valve-box  to  valve>box,  in  the 
former  case  is 

3  D  +  1  foot, 
and  in  the  latter  esse 

3-2  X  D  +  6  inches, 

both  being  for  two-cylinder  expansive  engines;  for  compound  engines, 
1-&  X  D  +  1-5  X  (J  +  1  foot,  and  1-1  x  D  +  1-1  x  <j  +  6  inches,  where  D 
is  the  diameter  of  the  low-pressure  cylinder,  and  d  that  of  the  high.  The 
distanoe  for  three^jy Under  engines,  with  the  valves  on  top  of  the  cylinders, 
may  be  found  by  allowing  1-1  x  D  +  3  inches  for  each  cylinder.  Bpace  is 
often  saved  by  arranging  the  msobinery  so  that  the  low-pressure  cylinder 
of  a  compound  engine  is  forward,  instead  of  aft. 

Diagonal  Esglnea.— Any  engine  whose  cylinders  are  not  perfectly  hori- 
sontal  may,  strictly  speaking,  be  called  Diagonal,  Before  vertical  engines 
were  generally  received  as  the  best  type  for  mercantile  purposes,  many 
engineers  showed  a  strong  leaning  to  this  particular  arrangement;  and, 
until  solid  crank-shafts  could  be  obtained  easily,  it  was  one  which  com- 
mended itself  highly  for  direct- working  engines,  aa  two  engines  at  right 
angles  to  one  another  could  wosk  on  the  aame  erank-pin,  which  could  be  on 
a  orvmkarm  keytd  to  the  ihafL 

The  crank  so  fitted  is  said  to  be  owrhung,  and  is  such  as  is  generally 
used  for  land  enginee  with  success ;  but  aa  marine  en^es  have  cylinders 
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of  larger  diameter  in  proportion  to  the  atroke  than  land  engines  have,  ths 
bending  moment  on  both  pin  and  shaft  is  rery  severe,  and  this  waa  often, 
the  cause  of  break-down  of  the  diagonal  screw  engine.  The  remedy  wac 
either  to  Gt  a  solid  crank,  or  else  to  add  another  crank-arm  and  shaft  end 
to  the  existing  one,  when  the  engine  worked  safely. 

Although  diagonal  engines  are  no  longer  made,  there  were  niaoy  featnrea 
in  the  design  which  still  commend  them  for  consideration  in  certain  special 
cases.  The  room  occupied  in  a  fore  and  ail  direction  ia  only  about  one-half 
of  what  is  required  for  the  ordinary  two-cylinder  arrangement;  the  cylinders 
can,  without  shortening  the  length  of  stroke,  be  kept  under  the  deck,  and 
the  whole  of  the  weight  and  strain  of  the  engine,  when  working,  is  taken 
directly  on  bearers  attached  to  the  framework  of  the  ship.  It  is  also  a 
cheap  and  light  engine,  inasmuch  as  the  crankshaft  and  bed-plate  ore  only 
half  the  length  of  those  of  the  ordinary  arrangement,  and  one  pair  of 
eccentrics  only  is  sufficient  to  work  the  valves.  The  platforms,  ladders, 
&C.,  for  an  engine  of  this  type  are  also  much  less,  and  in  many  other  ways 
economy  ia  effected. 

Some  engineers  adopted,  under  special  circumstances,  a  modification  of 
the  diagonal  engine,  in  which  one  cylinder  (generally  the  low-pressure  one 
of  compound  engines)  was  placed  vertically  over  the  crank,  and  the  other 
either  horizontally  or  slightly  inclined,  the  condenser  being  placed  on  the 
opposite  side ;  this  method  was  found  to  give  good  results,  and  where  spac« 
in  the  ship  is  to  be  minimised,  it  was  no  doubt  a  very  suitable  arrange- 
ment 

Engines  for  twin-screw  ships  have  often  to  be  slightly  inclined,  to 
accommodate  them  to  the  fbrm  of  the  ship,  and  allow  of  the  low-pressure 
cylinder  oover  being  taken  off,  and  the  piston  withdrawn,  without  having 
unduly  large  engine-room  hatchways. 

loTerted  Dlreot-Aoting  Engine, — These  engines  are  now  universally 
adopted  throughout  the  world  ss  the  most  convenient,  and,  in  every  way, 
the  best  for  both  mercantile  and  warships;  and  although  the  vsrieties  of 
the  type  differ  in  details  and  general  arrangement,  each  manufacturer 
having  his  own  particular  design,  yet  the  same  main  principle  is  developed 
throughout^ viz.,  the  cylinders  are  vertical,  with  their  axes  in  a  plane 
passing  through  the  keel  in  single-screw  ships,  and  parallel,  or  nearly 
parallel,  to  the  keel  in  twin-screw  ships;  each  piston-rod  end  ia  coupled 
direct  to  the  crank-pin  by  a  connecting-Kid,  whose  length  is  now  never  less 
than  twice  the  length  of  the  stroke  of  the  piston.  The  simplest  form  of 
this  type  consists  of  a  single  cylinder  supported  on  two  columns,  having  the 
condenser  on  one  side  of  the  foundation,  and  the  starting  gear  on  the 
opposite  side,  the  connecting- rod  operating  on  an  overhung  crank,  and  a 
flywheel  on  the  shaft  to  regulate  its  motion.  Such  an  engine  occupies  but 
little  room  in  the  ship,  will  work  very  well,  and  is  cheap  to  construct  when 
of  small  power.*  It  is  usual  for  engines  of  this  form  to  have  a  solid  or  two- 
armed  crank  to  avoid  the  casualties  so  common  with  the  older  diagonal 
engines.  The  condenser,  too,  is  sometimes  placed  oentrally,  with  the  tubes 
athwartship,  so  that  the  centre  of  gravity  of  machinery  may  be  in  the 
middle  line  of  the  ship. 

Engines  of  this  description  are  called  nngU-<}r<mk  single  et/Knder. 

*  Its  suilabiUtv  tor  large  powers  also  was  tested  by  Mr.  Alfred  Holt,  who  had  an 

'        -^       ■■  ider  40  inches  i     "^ '     ' 

IT  a^uare  inob- 


en^DB  of  this  type  made  with  oylinder  40  inches  in  diameter  and  66  inohsB  stroke,   . 
worked  by  steam  of  60  lbs.  pressure  per  a^ui 
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Bin^-Crank  Compoiuid  Engine. — By  placing  oao  o^liader  above  tha 
other,  And  connecting  the  piitons  b;  a  rod  or  rods,  ao  m  to  operate  oon- 
jointl^  throagh  one  connecting-rod  on  the  crank,  Mr.  Alfred  Holt 
ConBtmeted  a  form  of  engine  whiah  gave  very  great  satisfaction,  and  hy 
its  continued  Bucceai  overcame  the  prejadice  of  all  vho  had  experienoe 
with  it.  From  being  the  "hobby"  of  an  individual,  it  was  adopted  by  one 
or  two  large  steamship  corapaniea  almoit  exclasivelj,  and  partially  by  many 
others.  Its  principal  recommendationa  are  obvionsly  the  little  space  it 
occapies,  and  the  small  number  of  working  parts  liable  to  become  deranged 
or  broken.  The  former  ia  not  always  an  advantage  to  the  steamship  owner, 
owing  to  the  rules  for  measuring  tonnage,  as  the  32  per  cent,  reduction 
could  not  easily  be  obtained  with  a  single-crank  engine.  Nor,  on  the  other 
hand,  is  the  latter  advantage  always  appreciated  by  the  engineer  as  it  should 
be,  although  it  offers  a  guarantee  of  Btjety  :  in  case  of  the  breaking  of  a  rod 
or  pin,  the  whole  of  the  machinery  may  be  rendered  useless,  but  with  this 
form  of  engine,  the  number  of  such  parta  being  reduced,  there  is  a  corro- 
sponding  reduction  of  the  chances  of  such  a  casualty  happening.  The 
introductiou  of  the  triple  oompound  system,  however,  caused  the  conatruc- 
tioa  of  this  class  of  engine  almost  to  cease.  To  compare  the  safety  of  a 
aingle-crank  with  that  of  a  donbleM»«nk  engine,  it  ia  interesting  to  look 
dosely  into  the  matter. 

The  condenser,  pumps,  shafting,  and  propeller  being  common  to  the  two 
engines,  they  may  be  dismissed  from  consideration.  In  the  single-crank 
engine  there  is,  of  course,  only  one  crank,  and  if  that  breaks,  the  engine  is 
totally  disabled  ;  the  same  happens  in  the  double-crank  engine  if  the  after- 
crank  breaks.  There  is  only  one  connecting-rod,  but  it  ia  an  easy  matter  to 
place  that  beyond  suspicion,  bj  making  it  of  ample  size  and  good  material  j 
again,  the  connecting-rod  bolts  may  break,  but  that  argument  can  be  met  in 
the  same  way,  and  also  by  the  fact  that  spare  bolts  are  invariably  carried 
with  both  fcH-ms  of  engine.  If  one  piston  breaks,  the  other  ia  still  capable 
of  working,  and  the  siogle-crank  engine  having  a  flywheel,  is  better  able  to 
propel  the  ship  under  such  circumstances  than  the  double-crank  engine,  and 
ia  as  handy  as  before  for  starting  and  reversing.  The  link-motion  and  valve- 
rods  may  give  way,  and  so  render  both  cylinders  useless,  but  the  chances  of 
the  former  doing  ao  are  a  half  those  of  the  double-crank  engine,  while  spare 
porta  are  not  very  expensive,  and,  moreover,  are  very  often  carried  with  both 
sorts  of  engines,  and  ao  on  with  all  the  remaining  parts.  The  working-parts 
of  the  single  engine,  owing  to  their  smaller  number,  receive  more  attention, 
both  at  sea  and  in  port ;  and  from  their  unusual  size  (in  order  to  be  symmetri- 
cal), some  parta  are  abnormally  strong,  and  so  less  liable  to  breakage.  The 
consumption  of  oil  and  stores  is  smaller  from  the  same  causes,  and  their 
efficiency  at  lea  higher,  owing  to  the  regulating  action  of  the  flywheel. 
Although  the  latter  did  not  entirely  do  away  with  "racing,"  it  very  much 
reduced  it,  and  enabled  a  ship  to  work  at  very  nearly  /uil  speed  in  a  bad  sea 
with  very  little  waste  of  power,  because  the  power  expended  b^  the  engine 
when  the  screw  is  relieved  of  water  is  nearly  wholly  stored  in  the  flywheel, 
which  gives  it  up  again  to  great  advantage  when  the  stem  descenda,  and  tha 
screw  ia  deeply  buried.  The  double-engine,  when  ooutroUed  by  even  the  best 
of  governors,  mil  "raoe"  somewhat,  and  power  given  out  then  is  in  great 
measure  lost,  owing  to  the  want  of  matt  in  the  working  parts ;  and  even  if 
there  be  no  "  racing"  at  oil,  this  is  only  effected  by  a  reduction  of  the  average 
power,  because  the  engine  ia  developing  its  propelling  power  daring  the  time 
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the  Boreir  is  immersed,  ftnd  between  those  times  only  saffiment  power  to 
overoome  internal  resisUmoe — in  other  words,  during  half  the  time  steam  is 
praoticallj  shut  off. 

It  was  often  arged  as  a  neoessarj  oondition  that  these  engines  most  be 
"unhandy,'  but  the  reverse  was  the  ease  in  aotual  practioe.  When  properly 
designed,  these  engines  very  seldom  stop  on  the  "  dead  eentre,"  and  with  a 
proper  starting  gear  an  experienced  engineer  will  never  allow  it  to  do  ao. 
As  the  effort  of  both  pistons  was  applied  to  the  orank,  if  it  were  ever  so  littlo 
over  the  centres,  the  engine  would  start 

Two-Crank,  Two-Cylmder,  or  Doable  Engine. — This  was  the  meet  general 
form  of  commercial  marine  engine,  and  is  the  one  that  with  fewest  oylinden 
may  have  no  "  dead  points,"  or  poaitiona  of  crank  from  which  it  cannot  starb 
without  special  asaistaiice.  The  cylinders  may  be  of  the  independent  typ»e^ 
in  which  the  steam  works  expansively,  or  they  may  be  the  high-  and  low- 
pressure  cylinders  of  a  compound  engine. 

Two-Crank,  Three-Cyllnaer,  Engine  is  now  only  of  interest  from  tlie  fact 
that  the  earliest  triple-expansion  engines  were  designed  with  a  high-preaeure 
cylinder  above  what  was  originally  the  high-pressure  cylinder  of  a  compound 
engine.  When  of  moderate  size  such  engines  worked  well  and  took  no  more 
room. 

Two-Crank,  Four-Cylinder,  Englnei  may  have  one  high-pressure  and  one 
medium-pressure  cylinders  mounted  on  two  low-pressure  cylinders  on  the 
triple-expansion  system.  The  high-pressure  and  mediam-preaaure  cylinders 
may  be  in  rear  of  the  low-pressure  oylinders,  and  in  tine,  or  nearly  so,  with 
them  ;  their  piston-rods  are  oonnected  to  the  cranks  in  this  case  by  means  of 
levers,  tus.  Mr.  MaoAlpine  has  adopted  this  latter  design  of  engine  because 
the  momentum  of  the  moving  parts  of  one  engine  is  balanced  by  that  of  iu 
neighbour. 

Fig.  SO  shows  a  fonr-cylinder  two-crank  arrangement,  and  where  fore 
and  aft  s|)Hce  is  limited  such  an  engine  may  be  used  with  advantage. 

The  four  cylinders  may,  however,  be  on  the  quadruple  principle  with  one 
low-pressure  ouly.  Most  of  the  early  quadruple  engines  were  of  this  type, 
the  cylinders  being  arranged  as  in  fig.  20. 

Three-Crank  Engines. — To  obtain  a  more  steady  motion  at  low  speeds, 
and  to  reduce  the  maximum  stress  on  the  orank-sbaft,  it  is  necei'ssry  to 
introduce  a  third  cylinder  to  the  diagonal  engine,  and  a  third  cylinder  and 
third  crank  to  the  vertical  and  borisontal  engine.  Mr.  Soott  Busaell  intro- 
duced the  three-cylinder  oscillating  engine  for  fast  paddle  steamers,  and 
obtained  very  good  results,  although  the  arrangement  was  somewhat  compli- 
cated. Messrs.  Uaudslay  and  Field  used  to  make,  for  the  British  and 
foreign  navies,  many  horizontal  expansive  engines,  with  three  cranks  set  at 
angles  of  120*  with  one  another,  and  Messrs.  Rennie  made  some  compound 
horizontal  engines,  having  the  two  low-pressure  cranks  opposite  one  another, 
and  the  high-pressure  crank  midway  between  them.  Several  of  the  Scotch 
engineers  followed  the  lead  of  Messrs.  John  Elder  &  Oo.,  who,  in  1863, 
fitted  a  three-crank  engine  into  H.M.^  "  Constance,"  and  later  on  Dr.  Kirk, 
when  with  that  firm,  adopted  the  three-crank  vertical  engine  for  ships 
where  the  power  was  such  as  to  require  a  somewhat  unwieldy  low-pressure 
cylinder.  The  "Ounstaace"  was  the  first  ship  in  the  Navy  to  have  com- 
pound  engines,  for  on  each  side  of  the  shaft  was  a  set  of  cylinders  consisting 
of  one  hivb-pressnre  and  two  low-preasures.  This  system  not  only  permits  in 
^e  componnd  engine  the  use  of  two  moderate-sized  low-preasore  cylinders. 
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hvt  of  nich  &n  earlier  aatoff  in  them  that  the  "drop"  is  oonsidenblj 
cednced;   the    Tamtion    in   twisting    moment    ii    msoh   lesa  than  that 


in  the  two-orsnk  engine,  and  the  necetaity  for  a  large  receiver  obriated. 
IDw  modem  tripl»«omponnd  engine  u  nearly  fclwaya  on  Ae  three-crank 
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prtndpls,  and  oonseqaentlj  enjoya  these  »dvftntftge8  to  enhance  its  per- 
fornuince.  Independently  of  the  adTkntsges  of  getting  etendier  motion  and 
rednced  atresaes  on  the  crank-shaft,  there  ue  other  reuons  which  operate  ia 
making  the  three-ojiinder  arrangement  a  oonrenient,  if  not  a  naoeuary  one, 
Ab  a  rnle,  the  power  of  an  engine  is  obtained  more  effioientlf  hj  one 
ojlinder  than  hj  two,  and  by  two  than  by  three ;  bnt  there  is  a  limit  of  aixe 
and  weight,  beyond  which  both  manufacture  and  examination  when  in  the 
ahip  beooms  extremely  expenaire  and  difficulty  beaidea  the  attendant  risk, 


Tig.  30.— pjrliwlen  ot  a  Two-Crank  Qnadnipla  Expansion  Bngine. 

and  it  ia  for  this  reason  that  manufacturers  are  compelled  to  go  beyond  the 
number  of  two  cylindera.  Power  for  power,  the  three-crank  engine  took  np 
more  room  than  the  two-crank  one,  and,  except  in  very  large  aiEes,  was 
more  expensive  to  make ;  but  the  working  parts,  piece  for  piece,  are  lighter, 
and  more  easily  made  and  handled  in  the  ship;  and  it  is  of  great  importAuoe 
to  reduce  the  maximum  streaaes  on  the  shafla  of  very  large  enginea,  to  keep 
them  within  the  Bise  which  may  be  mode  with  existing  appliances,  and  to 
l{ive  them  greater  chancea  of  endurance.    The  ur»nks  are  at  angles  of  120* 
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with  one  another  in  the  Tertieal  engine^  beoftuie  the  c^Unden  ofts  be  mftds 
of  snch  proportiona  u  to  admit  of  thii ;  but  in  the  case  of  the  engine*  mad* 
b;  Meean,  fiennie,  owing  to  the  two  piston-rodi  for  the  return  oonneotioa- 
rod,  there  wm  not  that  ohoion  of  ratios  of  ojrlinden,  and  henoe  the  peculiar 
positions  of  the  cranks,  which  were  so  set  as  to  produce  the  least  rational 
maximam  to  mean  effort.  It  was  nsnal  to  plaoe  the  high-pressnr«  between 
the  two  low-pressure  cylinders  of  compound  engines,  and  it  was  found  that 
this  suits  the  design  better  than  any  other. 

TtaToe-Crank,  roar'  uid  FlTe-Cyttnder,  EngineB. — B;  placing  a  small  or 
lugh-pressare  cjrlinder  over  the  original  high-pressure  cylinder  of  a  tbree- 
mak  compoimd  engine  a  convenient  arrangement  for  lai^  triple  engines 
was  found ;  bat  this  did  not  permit  of  a  good  distribution  of  power  between 
the  three  cranks,  and  the  engine  was  not  so  haudj  as  desirable.  By  fitting 
two  hi^b-pressare  cylinders  over  the  two  low-presaure  oylinders  both  these 
dif^ulties  were  overoome,  and  soany  engines  of  this  kind  are  doing  good 
work  in  ocean  passenger  st«amers  to-day.  By  plaoing  a  high-pressure  over 
one  low-preeanre  cylinder  and  a  first  medium-pressure  over  the  other,  and 
making  the  middle  cylinder  the  seoond  mediom-pressare,  a  good  quadruple- 
expansion  engine  is  formed,  when  the  power  required  is  so  great  as  to 
require  two  low-preaanra  cylinders, 

Three-Cranlc,  Six-Cylinder,  Enginas  may  hare  three  low-pressure  cylinders 
on  the  oolumns,  the  high-pressure  cylinder  orer  the  middle,  and  a  medium- 
pressure  over  each  of  the  others,  and  so  form  a  triple-expansion  engine ;  or 
the  three  npper  cylinders  may  be  part  of  a  quadruple  system. 

Fonr-Crank  Engines  were  originally  made  by  Mr.  John  Tweedy  (Wigham, 
Bichardson  &  Ca)  on  the  quadruple  principle,  aikl  are  now  not  uncommon, 
and  made  by  several  firms ;  but  ^ey  are,  however,  better  known  as  triple- 
expansion  engines,  having  two  low-pressure  cylinders,  one  high-pressure 
and  medium-pressure.  In  this  form  they  were  used  in  the  early  days  of 
triple-expansion  engines  by  Messrs.  Humphrys  and  Tennant  for  warship 
purposes  when  very  large  power  was  required  from  an  engine  of  light  weight, 
which  meant,  of  course,  an  engine  running  at  a  high  number  of  revolu- 
tions, with  less  risk  than  is  the  case  with  a  very  large,  light  low-pressure 
piston.  These  engines  are  now  great  favourites  when  high  speed  is  re- 
quired in  both  ship  and  engines,  even  when  the  power  is  not  so  very  great ; 
for  by  arranging  the  cranks  in  a  oertsin  and  partionlar  way,  as  invented  by 
Hr.  Tweedy  and  Mr.  Otto  Sohliok,  the  vibration  due  to  the  momentuDi  of 
the  moving  parts  may  be  reduced  to  a  minimum  without  resorting  to 
balance  weights  or  other  eztraneons  means.  The  four  cranks  also  permit 
of  the  engine  having  the  minimum  pressure  on  the  crank-journals  and 
bearings. 

It  is  usual  and  advisable  to  arrange  for  the  first  and  second  cranks  to  be 
opposite  one  another,  and  the  third  and  fourth  opposite  one  another,  and  at 
right  angles  to  the  first  and  second ;  there  is  then  no  pressure  on  the 
bearings  between  these  pairs  of  cranks,  and  the  pistons  moving  in  opposite 
direction  tend  to  balance  their  momentum.  The  two  end  cranks  being  at 
right  angles  the  oonple  canaed  by  the  momentum  of  the  moving  parts,  and 
tending  to  rock  the  engine  fore  and  aft,  ia  a  minimum,  or  rather,  is  less  than 
if  opposite  one  another.  By  placing  the  low-pressure  cylinders  so  that  their 
cranks  are  at  right  angles  with  one  another  the  power  in  them  can  be  raised 
so  that  each  develops  nearly  a  quarter  of  the  total  I.H.F.  without  having 
high  initial  pressures  and  the  ooosequent  high  stresses  on  rods,  oolamos, 
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cranks,  &o.  If  more  than  four  ojlinden  are  naoeuny  for  an;  reaaoa  the 
fifth  or  aixth  may  be  plaoed  above  one  or  other  of  the  four  as  in  the  thro»- 
crank  engine. 

FlTe-Crank  Engltiet  have,  to  far,  been  adopted  hy  one  firm  only— The 
Oentral  HMine  Engine  Worka — and  are  the  invention  of  the  late  Mr.  Mndd. 
Great  eucoeos  is  claimed  for  them,  and  their  owners  have  been  well  satisfied 
with  them.  The  uniformity  of  taming  moment  and  the  balancing  of  the 
moving  parts  they  possess,  bat  the  fore  and  aft  space  token  by  them  it 
greater  than  with  the  four-  or  three-crank  engine ;  their  oost  also  is  greaUr. 
They  have  a  high-pressure,  first  media  m-pretsnre,  leoond  mediam-preasmre, 
and  two  low-pressure  cylinders. 

Slx-Cruk  Enghias  are  claimed  to  poasev  the  adrantages  of  the  fire- 
crank  in  m  higher  degree,  and  hare  been  fitted  in  some  of  the  Scout's  Oloss^ 

Tandon  Bnginei. — The  upper  cylinders  are  sometimea  supported  on  a 
dome-shaped  stool,  formed  with  the  lower  cylinder  cover;  and  sometimea 
carried  on  columns  which  are  deai:  of  the  lower  cover,  and  independent 
of  it.  The  latter  plan,  although  not  so  neat  in  appearance,  admits  of  the 
cover  of  the  low-pressure  cylioder  being  raised  for  the  examination  of  the 
piston;  and  by  making  the  cover  in  halves,  bolted  together,  it  may  be 
removed  without  disturbing  the  npper  cylinder  or  rod.  When  the  upper 
eylinder  is  supported  on  a  stool  it  is  a  very  oonunon  practice  to  oast  this 
with  only  one-h^f  of  the  low-pressure  cylinder  cover,  leaving  the  other 
half  free  for  removal  to  examine  the  low-pressure  piston.  In  small  engines 
this  latter  plan  does  very  well,  but  for  large  engines  the  cylinders  are  apt 
to  rook  unless  supported  by  another  oolaam;  tliis  auxiliary  column  may, 
however,  be  made  portable,  and  the  upper  cylinders  rendered  atiU  more 
■table,  by  bracing  them  to  one  another  with  tie-rods. 

At  one  time  it  was  a  very  oommon  practice  to  compound  old  expansivo 
engines  by  placing  two  small  cylinders  above  the  original  ones;  but 
alttiougb  this  is  a  cheaper  plan  than  to  provide  two  new  compound 
cylinders,  it  was  not  found  to  be  so  eoonomical  in  working  with  small 
engines,  owing  to  the  friction  of  ml  many  glands  and  pistons.  In  the  plan 
introduced  by  Hr.  AUibone  the  high-pressure  cylinders  were  bolted  direct 
to  the  low-pressure  covers,  and  the  high-pressure  piston-rod  passed  throngh 
a  stuffing-box  in  the  covers  on  top  of  the  cylinder,  and  secured  in  a  cross* 
head,  at  the  outer  ends  of  which  were  secured  the  top  ends  of  the  two  rods 
belonging  to  each  low-pressure  piston.  By  this  plan,  however,  the  number 
of  stuffing-boxes  is  increased  from  three  for  each  engine  to  five,  and  a 
greater  total  height  for  the  engine  is  required,  besides  which  it  is  almost 
impouible  to  examine  the  low-pressure  cylinder  without  removing  the  high- 
pressure  cylinder. 

There  are  several  other  methods  which  have  been  carried  out  from  time 
to  time,  in  which  the  tandem  cylinders  are  difierently  arranged  from  the 
foregoing,  but  none  of  them  have  met  with  sufficient  suooess  to  indnoe  a 
repetition  of  the  attempt. 

The  four-cylinder  compound  engine  was  one  of  the  first  componod 
arrangements  introduced  in   the  Navy ;   and,  although   for   some  years 

Jrevious  to  this  the  paddle-wheel  engines  of  this  type  made  by  the  late  Hr. 
ohn  Elder  hod  given  very  great  satisfiiction,  when  this  system  was  applied 
by  Messrs.  Humphrys  and  Tennant  to  two  troop«hipe  and  an  ironclad,  the 
results  were  not  so  good,  and  no  doubt  prevented  the  general  adoption  of 
tha  compound  system  for  naval  purposes  for  some  years. 
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TaiiatiODt  of  Dealga — Each  manufMitnrer  hu  &  partioalar  method  u  to 
details,  but  with  one  or  two  ezceptions  there  ia  do  radical  diflereDoe  in  the 
general  deaign.    Theprineip&l  exoeptiooa  to  a  fixed  rule  in  general  arruige- 
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tnent  are,  the  psrition  of  the  ooadenser  wid  its  form,  the  poaition  of  the 
pttmp«,  and  the  method  of  working  them,  th«  poaition  of  the  cylinder  Talre- 
boxea,  and  the  position  aad  form  of  the  snpporting  columns,  ic. 

The  oondenser  is  ninallj  on  one  aide  of  the  engino,  and  so  arraoged  as  to 
fonn  a  base  for  the  Dolamns  on  that  side,  and  a  part  of  the  engine  base  to 
vhieh  the  foundation  containing  the  main  bearing  is  secured ;  sometimes 
even  the  oondenser  foundation  and  oolumos  are  made  in  one  casting  for 
ei^:ineB  of  considerable  power.  A  alight  variation  from  this  is  effected  by 
some  manufacturere,  who  prefer  having  a  continnons  bed-plate  without  the 
complicated  casting  above  described,  by  making  the  oondenser  so  as  to  stand 
on  top  of  the  engine  foundation-plate.  In  both  these  designs  the  oondenser 
tubes  are  horiiontal,  and  in  a  fore  and  aft  direction,  and  a  space  is  required 
at  one  end  to  draw  them  for  examination,  &o. ;  it  is  often  difficult  to  provide 
such  a  apace,  and  the  oonvenienoe  can  only  be  obtained,  in  many  cases,  by 
taking  off  a  plate  from  the  engine-room  bulkhead.  To  avoid  this  objection, 
the  condenser  is  sometimes  placed  so  that  the  tubes  lie  horixontally  athwart- 
ship,  and  can  be  drawn  between  two  of  the  engines,  on  removal  of  only  a 
amall  amount  of  easily  portable  gear.  When  this  plan  is  followed,  it  is  usual 
for  the  oondenser  to  be  quite  independent  of  the  columns,  which  stand  on 
either  side  of  it  with  their  feet  secured  direct  to  the  engine  foundation- plate. 
In  the  oase  of  naval  engines  the  oondenser  is  quite  detached  from  the  engines 
and  plaoed  in  any  convenient  position  in  the  engine-room.  On  the  whole, 
this  is  a  very  convenient  arrangement,  and  overcomes  other  difficulties, 
besides  that  of  drawing  the  tubes;  for  it  admits  of  the  engine  being  erected 
without  the  condenser  being  in  place ;  the  condenser  may  also  be  made  much 
lighter,  and  of  a  simpler  and  lesa  expensive  construction  and  shape ;  and,  as 
it  forms  no  integral  part  of  the  structure  resisting  strain,  deterioration  in 
the  metal  from  age,  galvanic  action,  tbc,  doea  not  endanger  the  engine. 
Host  engineers  now  prefer  the  independent  oondenser  for  mercantile  engines 
in  all  but  the  smallest  engines,  making  it  of  cylindrical  form,  with  cast-iron 
water  ends  and  doors;  thebody  is  made  of  wrought  iron  or  steel  when  weight 
is  a  consideration,  and  of  oast  iron  when  it  is  not^  Setting  aside  the  cost  of 
the  pattern,  the  latter  is  much  the  cheaper  arrangement,  and  even  with  the 
pattern  generally  it  may  be  made  for  less  money  as  a  casting.  The  condensers 
for  small  craft,  as  torpedo  boats  and  for  "  destroyers,"  the  body  and  even  the 
ends  are  of  sheet  copper  or  sheet  brass. 

If  the  condenser  is  placed  on  one  side  of  the  engine,  the  centre  of  gravity 
of  the  machine  will  be  out  of  the  centre  line  of  the  ship,  unless  it  can  be 
balanced  by  some  other  part.  As  this  balancing  seldom  happens  in  ships 
which  would  be  seriously  affected  by  such  a  condition,  some  engineers  I:ave 
rectified  the  defect  by  moving  the  condenser  as  above  described,  nntil  it  is 
under  the  cylinders  and  central  with  them,  the  tubes  being  atfawartship. 
This,  again,  necessitates  the  removal  of  all  gearing  Irom  the  middle  of  the 
engines,  and  as  the  cylinder  valve-boxes  are  "outside,"  the  working  parts 
of  one  engine  are  hid  &om  the  view  of  the  engineer  when  he  is  attending  to 
the  other.  This  baa  been  obviated  by  making  another  removal  of  the  con- 
denser to  the  afl  end  of  the  engine,  where  it  forms  a  support  for  the  cylinder, 
and  does  not  interfere  with  the  poaition  or  view  of  the  working  parte.  But 
whether  the  condenser  be  in  the  middle  of  the  engine,  or  at  the  aft  end,  bo 
long  as  it  is  central,  and  above  the  onmk-ahaft,  it  forms  a  very  serious  obstacle 
when  this  very  important  working  part  requires  removal  for  examination 
or  through  defects,  and  at  all  times  it  is  in  the  way  of  the  main  bearings 


TABUTIOira  or  DBIOK.  il 

which  require  ftttention.  To  hare  r  oondenaer  which  whtil  b«  oentnl,  and 
yet  form  no  obiitraotioD,  Sir  WUliMn  Allan  patented  an  arrangement,  in 
which  it  is  below  the  shaft  with  the  tnbe*  athwartships,  and  formiag  a  part 
of  the  engine  foasdation.  The  objection  to  the  plan  is  the  great  height  of 
shaft-centre  necessitated  bj  it;  in  addition  to  which,  the  change  of  form 
caused  bj  the  different  temperatnrea  of  the  condenser  distorts  the  founda- 
tion, and  puts  the  ibaft-bemngs  ovto/tntth,  and  that  the  bilge-water  on 
the  hot-condenser  sides  and  bottom  serioosl;  corrodes  it,  besides  causing 
fool  smellc  in  the  engine-room ;  the  exhanst-pipe,  too,  ia  of  neceasitv  longer 
than  usual,  and  the  discharge-pipes  &om  all  the  pumpa  will  have  the  same 
objectionable  feature. 

The  condenser  is  sometimes  arranged  with  the  tnbea  vertical,  and  is 
then  generally  cylindrical,  and  has  a  column  cast  with  it,  so  as  to  form 
a  part  of  the  engine  framework ;  bv  this  means,  a  cheap  and  compact 
condenser  is  formed,  and  one  that  admits  of  the  tnbea  being  drawn,  when 
no  other  kind  of  design  oould  be  so  arranged.  This  plan  is  especiallr 
&Tonrable  for  yachts  having  good  power,  without  a  large  amount  of  breadth 
of  beam. 

In  lai;ge  steamers,  it  is  of  7017  little  oonsequence  if  the  centre  of  gravity 
«f  the  machinery  is  a  little  out  of  the  centre  line  ;  and  in  those  of  moderate 
size,  the  condenser  can  always  be  balsnced  by  some  other  Axed  weight, 
such  as  the  don  key -boiler ;  while,  in  small  steamers,  this  can  be  effected  by 
placing  the  boiler  a  very  little  way  out  of  the  centre  line,  on  the  side 
Opposite  te  that  of  the  condenser.  Under  these  circa m stances,  it  is  not 
surprising  that  most  engineers  still  design  their  engines  with  the  condenser 
on  one  side. 

The  position  of  the  pumps  naturally  depends  very  much  on  that  of  the 
condenser,  and  the  method  of  working  the  pumps  is  not,  as  sometimes 
supposed,  optional,  but  oonseqnent  on  the  position  of  these  relative  to  the 
cylinders. 

When  the  condenser  ia  on  one  aide  of  the  engine,  it  ia  almost  a  necessity 
to  have  the  pumpa  behind  it;  and  the  only  oonvenient  way  of  working 
them  is  then  by  means  of  levers,  which  obtain  their  motion  from  the  piston- 
rod  croBshead.  As  the  oondenser  so  placed  is  the  moat  general  arrangement, 
■0  the  generality  of  manufacturers  work  the  pumpa  by  means  of  levers,  the 
pumps  being  behind  the  oondenaer. 

This  is  by  far  the  most  convenient  method,  as  Ij  it  the  pumps  (which 
really  require  very  alight  attention  compared  with  that  bestowed  on  the 
shaft-bearings,  rods,  link-motion,  Ac.),  are  out  of  the  way  of  all  the  working 
parts,  and  in  that  place  on  the  engine  where  they  are  moat  easily  examined, 
and  alao  nearer  to  the  inlet  and  ducharge-yalvea,  than  they  would  be  in  any 
other  position.  The  weight  of  the  moving  parts  of  the  pumps  helps  to 
balance  the  weight  of  the  pistons  and  rocb,  and  althongb  this  is  not  ot 
much  consequence  when  the  engine  is  running  &at,  it  is  very  important 
when  starting  or  moving  slowly,  and  must  at  all  times  tend  to  make  the 
engine  run  steadily.  In  the  case  of  high-apeed  engines,  which  must  be 
balanced  to  avoid  exceasive  vibration,  the  pampa  aaHigt  materially  when 
moving  in  the  opposite  direction  to  that  of  the  piston,  from  which  they 
receive  their  motion. 

Wfaen  the  oondenser  is  placed  in  the  middle  of  the  engine,  althongb  not 
>n  absolute  necessity,  it  is  certeinly  by  far  the  most  convenient  arrange- 
ment to  have  the  pumps  central,  or  neuly  so,  and  worked  dinot  firom  the 
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piatoa  orosshead ;  henoe,  it  is  naoaJ  to  find  in  all  dttignt  of  the  kind,  the 
pnmpa  worked  direct,  uLd  situated  «boat  the  centre  line  of  the  engine.  The 
objecti>:nt  to  this  plun  are  always  of  moment;  but  with  long-stroke  engines 
tbey  become  almost  insurmountable.  The  pumps  sre  always  in  ihe  way  of 
tbeuttentftnts,  and  as  the  arms  of  tbe  piston-rod  crosshead  are  nsuallylong, 
so  as  to  keep  the  pnmps  as  far  away  from  the  crank-sbaft  as  possible,  it  is 
dangerous  to  approach  the  centre  of  the  engine  for  fear  of  being  guillotined. 
When  the  stroke  of  the  engine  is  long  compared  with  the  diameter  of  the 
cylinders,  it  is  impossible  to  get  Buffioient  area  through  the  buckets  of  the 
air  and  circulating  pumps  when  single-acting,  and  at  high  speeds  the  con- 
cussion from  the  water  is  very  great.  The  weight  of  the  pumpq  and  the 
croasbead  la  added  to  that  of  the  piston,  so  that  the  downward  velocity  of 
the  latter  is  naturally  greater  than  that  upward ;  aud  although  this  can  be 
remedied  to  some  extent  by  adjasting  the  steam  supply,  so  that  the  engine 
runs  steadily  at  fall  speed,  there  must  always  remain  some  slight  difficulty 
at  starting.  As  a  set-off  to  this,  the  cost  and  friction  of  the  levers  and 
links  are  saTenl,  but  this  is  scarcely  sufficient  to  counterbalance  objections 
so  serions  as  the  above. 

The  pomps  are  sometimes  worked  by  an  independent  engine,  and  may 
then  be  placed  in  any  oonrenient  position ;  but,  in  addition  to  the  cost  of 
such  an  engine,  there  is  the  objection  that  much  room  is  occupied  by  it,  and 
it  is  doubtful  whether  mon  power  is  not  expended  in  doing  the  work,  than 
would  be  tbe  case  if  the  pumps  were  worked  in  the  usual  way  ;  and  in  any 
case  the  power  taken  from  the  main  engine  is  developed  more  economically 
than  that  from  a  small  auxiliary  engine,  even  if  compound.  They  can, 
however,  be  worked  at  that  speed  suited  to  the  exact  reqoiremente. 

In  tbe  case  of  expansive  engines,  it  was  usual  to  arrange  the  oylinden 
so  that  both  valve  hoes  came  between  them  in  such  a  way  as  to  form  a 
Talve-box  oommon  to  the  two;  this  was  a  very  convenient  plan,  and 
economical  both  in  cost  and  space.  It  involved,  however,  the  necessity  of 
four  bearings  to  the  crank-shaft,  and  where  the  engines  were  small,  it  was 
no  easy  matter  to  do  any  work  to  the  valve-faoes  when  required.  For  these 
reasons  manufacturers  made  them  sometimes  with  the  valve-&ces  ontwards, 
as  is  usual  with  horiiontal  engines.  When  compound  engines  were  first 
introduced,  each  maker  followed  the  arrangement  to  which  he  was  accus- 
tomed in  expansive  engines ;  but  it  was  found  that  neither  of  tbe  above 
plans  permitted  of  a  sufficient  space  for  a  receiver  when  the  cranks  were 
placed  at  right  angles,  and  both  had  serious  defects.  When  the  faces  were 
"  outside,"  the  exhaust-steam  from  the  high-pressure  hod  to  traverse  a 
oomparatively  long  pipe  to  reach  the  low-pressure,  and  for  the  small  volume 
of  this  pipe  a  very  large  surface  was  exposed  to  loss  from  radiation.  When 
the  faces  were  inside,  and  "  flat  "-valves  used,  there  oould  not  be  a  valve-box 
common  to  both,  but  each  box  was  shut  off  from  the  other,  and  the  tem- 
perature of  one  very  much  higher  than  that  of  the  other ;  the  consequence 
was,  that  the  engine  centres  were  very  much  spread  out,  and  the  castings 
about  the  valve-boxes  were  often  found  to  be  cracked.  This  latter  defect 
has,  by  care  in  design,  been  remedied,  but  there  still  remain  tbe  wide 
centres  and  tbe  liability  to  leakage  of  high-pressure  steam  to  the  low- 
pressure  valve-box  without  detection,  except  by  the  indicator,  or  the 
abnormal  pressure  in  the  receiver  when  the  engines  are  "  standing.'  By 
□sing  a  piston-valve,  however,  for  the  bigh-preaaure  cylinder,  taking  the 
steam  on  the  inside  {vide  fig.  1^),  and  a  fist-valve,  or  even  a  piston-valve> 
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UHog  Bteam  on  the  onUide  for  the  next  cylinder,  one  vftlve-chest  common 
to  the  two  is  possible  uid  convenient. 

To  KToid  the  evils  above  mentioned,  snd  to  obtun  r  good  receiver,  moat 
msnafactarerB  place  the  Talve-boz  of  the  high-pressnre  cylinder  "  outwards, " 
and  thai  of  the  medinm  and  lov-preunre  between  the  oylindera,  and  provide 
a  belt  around  the  high-pressare  one  for  the  steam  to  exhaust  from  it  to  the 
medinm-preBsnre,  and,  similarly,  from  the  medinm  to  the  low-pressure 
sflinder.  When  the  space  between  the  cylinders  is  not  sufficient  for  a 
receirer,  this  belt  is  made  the  whole  length  of  the  cylinder,  and  in  this  way 
space  is  provided.  The  medium-pressure  and  low-pressure  valve-box  oovert 
are  on  top  (in  vertical  engines),  while  that  of  the  high  is  on  front,  and 
sometimes  is  provided  with  one  on  top  as  well  when  •  flat- valve  is  used, 
and  on  top  only  when  a  piston-valre  is  used.  Peep-holes  with  suitable 
covers  are  formed  in  the  sides  of  valve-boxea  of  large  engines,  which  permit 
of  the  valves  being  sighted  withoat  the  labour  and  time  required  to  remove 
the  box  covers. 

In  order  to  reduce  the  space  occupied  by  the  cylinders,  and  likewise  to 
suit  the  requirements  of  certain  special  valve  motions,  the  valve-boxes  ot 
both  cylinders  are  placed  on  the  front  side  of  the  cylinders,  so  that  the  faoee 
are  in  a  plane  parallel  to  the  keel.  When  this  is  so,  the  cylinders  may  be 
quite  close  together,  and  no  space  is  required  at  either  end  of  the  engine- 
room  casing  for  valve-boxes  or  to  remove  valve-doors ;  the  cranks  are  also 
arranged  to  come  closer  together,  to  suit  the  reduced  centres  of  cylinders, 
by  doing  away  with  one  of  the  middle  bearings  and  the  room  for  eccentrics. 
Tlie  only  difficulty  with  this  arrangement  is  to  get  space  for  a  receiver  in 
the  case  of  compound  engines,  and  for  the  passage  of  the  exhaust  steam  from 
the  low-pressure  cylinder  to  the  condenser.  The  adoption  of  the  three^ 
crank  triple-compound  engine  has  developed  a  very  large  amount  of  skill 
and  ingenuity  in  the  arranging  of  both  cylinders  and  vtdve-boxes,  so  as  to 
minimise  the  length  of  engine. 

The  supporting  columns  differ  in  form  and  position  as  well  as  in  material. 
The  back  columns,  or  those  carrying  the  guides,  are,  as  a  rule,  of  cast  iron, 
and  of  rectangular  section,  to  suit  the  requirements.  In  naval  engines  th^ 
are  often  of  cast  steel.  The  front  columns,  or  those  on  the  "starting"  aide, 
are  seldom  exactly  the  same  with  any  two  makers,  and  sometimes  widely 
difibrent.  They  may  be  cast  iron  and  of  hollow  rectangular  section  (fig.  21). 
H  section  (fig.  12),  or  hollow  cylindrical,  or  of  wrought  iron  or  steel,  of 
circular  section.  When  the  latter,  there  are  generally  lor  large  engines,  one 
in  wake  of  each  main  bearing ;  and  two  for  small  compound  engines,  one  at 
each  corner,  and  for  three-crank  engines  of  small  size  three.  The  same  rule 
applies  to  circular  section  cast-iron  columns  with  some  manufacturers. 
Rectangular  section  oast-iron  columns  are  sometimes  substituted  for  circular 
ones,  when  arranged  in  the  same  way  as  the  circular  section  oolnmna,  to  be 
in  keeping  with  ^ose  at  the  back.  Kectangular  section  columns  for  large 
engines,  and  H  section  for  small  engines,  are  generally  placed  opposite  the 
Dack  columns,  and  have  guides  on  them  in  the  same  way  as  these  latter. 
The  guides  on  the  back  columns  are  usually  the  "ahead-going"  ones;  but 
as  they  are  generally  placed  on  the  condenser,  and,  therefore,  apt  to  become 
warm,  some  engineers  make  those  on  the  front  columns  do  this  duty  by 
fitting  a  screw  propeller  of  reverse  thread.  Oolumus,  both  back  and  fron^ 
are  generally  made  to  approach  straight  lines  in  outline,  although  some  still 
have  what  are  supposed  to  be  graceful  curves. 
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BemeBtiiy  Bteim-Englne. — The  steam-engme,  in  ita  moat  elementary  form, 
has  oal;  ooe  cjrliader,  into  which  the  steftm  is  admitted  at  esoh  end 
alterosMlr,  so  as  to  moTS  th«  piston  bsokwardB  and  forwards,  and  havings 
performed  its  work  is  then  allowed  to  escapo  into  the  atmoephere. 
Although  from  certain  causes  this  was  not  the  form  of  st«am-engine  aa 
first  invented,  it  is  nererthelesa  the  most  simple  one,  and  br  taking  it  as 
ibe  origin,  the  genesis  of  the  steam-engine  can  be  better  explained.  As  the 
successful  engines  (or  marine  purposes  are  largely  thoee  having  cylinders  and 
pistons,  it  will  be  anneoessary  in  this  chapter  bo  deal  with  any  other  forma. 

Genesis  of  the  Componna  EDglne. — The  exhaust  ateam  issuing  from  an 
engine  having  a  late  cntKiff  and  an  initial  pressure  of,  say,  two  atmospheree 
(or  16  lbs.  above  atmospheric  pressure),  would  attract  the  attention  of  an 
observant  engineer  from  the  force  with  which  it  emerges  from  the  exhaust- 
pipe,  and  would  naturally  lead  him  to  inquire  how  so  great  a  waste  of 
energy  might  be  avoided.  It  would  be  clear  to  him  that  there  was  sufficient 
remaining  in  it  to  do  useful  duty  after  it  had  aooomplisbed  its  work  in  the 
cylinder.  If  he  were  acquainted  with  the  steam-engine  of  Watt,  he  would 
probably  suggest  that,  instead  of  allowing  it  to  escape  into  the  atmosphere, 
it  might  be  conducted  to  the  cylinder  of  a  condensing  engine,  which  oonld 
work  with  a  steam  pressure  of  one  atmosphere,  and  wime  propelling  the 
piston  of  this  second  engine,  wonld-not  oanse  any  more  back  pressure  in  the 
first  cylinder  than  before.  Such  an  arrangement  would  be  a  combination  of 
a  high-pressure  and  a  condensing  engine,  and  hence  we  find  it  called  a  eom- 
pound  angiTtt. 

This  oombination  has  been  carried  out  in  some  instances  in  modem  times; 
and  no  doubt  it  was  from  his  observation  of  Trevithick's  high-pressure  non- 
ocndeneing  engine,  together  with  his  knowledge  of  Watt's  oondensing  engine, 
that  Woolf  was  induced  to  introduce  the  "  compound  "  engine. 

The  ides  of  a  oomponnd  angine,  howerer,  was  due  to  the  genius  of  Horablower,  a 
Cornish  engiDeer,  who  in  I7B1  tooicout  a  patent,  in  whioh  he  claimed; — "Insetvrostesm 
vessels,  In  which  the  steam  is  to  act,  and  which  in  other  steMS-eogines  are  oaUed  cylin- 
ders. I  employ  the  iteam,  after  it  has  acted  in  the  flnrt  vessel,  to  operate  a  SMond  time 
in  the  other,  b;  penniting  it  to  expand  itself,  which  I  do  by  connecting  the  vessel*  to- 
gether, and  forming  proper  channels  and  apBrtnr«s  whereby  the  itaam  shwl,  oocasicDslly, 
go  in  and  out  of  the  said  vessels,  Aa." 

Arthur  WooU,  in  his  patent,  taken  out  in  1804,  state*  that  "  if  tba  engine  be  owi- 
stnteted  originally  with  the  intention  of  adopting  my  Mkid  improvement,  it  onghtto  have 
two  steam  vessels  of  different  dimensions,  scooting  to  the  tMuperatura  or  the  expansive 
force  detAnnined  to  be  commuDicated  to  the  steam  made  use  of  in  working  the  eogioe ; 
for  the  smaller  steam  vessel  or  cylinder  most  be  the  measure  of  the  latter.  .  ,  .  The 
small  oylioder  should  have  a  communioatioo,  both  at  its  top  and  bottom,  with  the  boiler 
whioh  Bopplies  the  steam.     .     .  The  top  of  the  small  cylinder  should  have  a  oon- 

umaiostion  with  the  bottom  of  the  larger  cylinder,  and  tlie  bottom  of  the  amaller  one 
with  the  top  of  the  larger,  with  proper  means  to  open  and  shot  those  alternately  bv  oocka 

orvalTGa,&o and  both  top  and  bottom  of  the  large  cylinder  should,  while  the 

enuine  ii  at  work,  oommunicate  altMnately  with  the  oondeasioa  vessel."    He 
. . ^ofWIba. 
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EzpanriTS  En^ne. — If  the  observer,  howeTer,  happened  to  be  better 
acqnainted  with  the  ezpuuiTo  force  of  steam  than  iriui  the  nse  of  a  oon- 
deoser,  he  woald  suggest  that  the  steam  shonld  be  ont  off  at  such  an  earlier 
part  of  the  stroke  as  would  ensnre  its  pressure,  at  emission,  being  only 
slightly  above  that  of  the  atmosphere.  Bach  an  engine  would  naturaltj  be 
called  txpaniive,  in  contradistinotion  to  the  original  engine,  working  without 
expansion.  Any  further  attempt  at  increased  expanaioa  would  prove  fruit- 
less, as  the  steam,  expanded  below  the  pressure  of  the  atmosphere,  will  fail 
to  escape  into  it  when  opened  to  exhaust ;  besides  which,  the  "  back  "  pres- 
sure on  the  other  side  of  the  piston  would,  during  the  latter  part  of  the 
stroke,  be  greater  than  the  forward.  Only  by  conneoting  the  exhaust  pipe 
to  the  condenser,  in  which  the  pressure  would  be  10  or  12  lbs.  below  that  of 
the  atmosphere,  could  a  higher  rate  of  expansion  be  obtained. 

All  the  very  early  marine  engines  were  ea^ponniw,  and,  according  to  oir- 
cumstances,  either  condensing  or  non-condensing,  but  generally  the  former. 
This  condition  was  to  a  very  large  extent  imposed  on  makers  of  engines, 
because  in  those  days  the  boilers  could  not  be  economioally  made  for  prea> 
aurea  much  above  that  of  the  atmosphere,  even  for  small  steamers,  and  for 
lai^  ones  it  was  an  impossibility.  With  a  better  knowledge  of  boiler- 
making,  and  a  supply  of  larger  and  thicker  plates,  engineers  began  to  attempt 
to  work  their  engines  with  steam  of  a  higher  pressure,  and  obtained  thereby 
satisfactory  results.  A  few  aocidents,  however — generally  caused  by  the 
ignorance  and  carelessness  of  the  attenduita — tended  to  check  any  very 
great  advance  in  this  direction,  and  it  was  not  until  public  coi^denoe 
was  regained  that  engineers  could  continue  the  movement  to  any  great 
extent. 

EffiBcts  of  Inoreue  of  PreBsnre, — If  an  engine  is  to  work  economically,  so 
far  aa  steam  is  concerned,  it  haa  been  stated  that  the  terminal  pressure,  before 
admisaion  to  the  condenser,  should  be  aa  low  aa  possible  consistent  with  good 
working. 

It  is  generally  easy  to  maintiun  a  raoanm  of  36  inches  in  a  modern  oon- 
denser,  and  24  inches  was  usual  with  even  a  poor  form  of  jet  condenser. 
But  as  some  engineers  prefer  to  work  their  engines  with  only  24  to  26 
inches  of  vacuum  (for  Uie  sake  of  obtaining  warm  feed-water),  let  it  be 
assumed  that  24  inches  is  the  vacuum  in  the  condenser.  In  a  well-designed 
engine,  the  vacuum  in  the  cylinder,  after  exhaust,  shonld  be  at  least  within 
2  inches  of  this,  which  means  that  the  back  pressure  is  4  lbs.,  corresponding 
to  22  inches  of  vacuam.  When  the  fall  benefit  of  expansion  is  required,  the 
terminal  pressure  should  not  exceed  7  lbs.,  which  will  be  3  lbs.  above  the 
back  pressure. 

lo  order  to  appreciate  fdllv  what  ia  eDcountered  in  making  advances  in 
boiler  pressures,  it  wilt  be  well  to  compare  two  engines  working  under  the 
conditions  set  out  above. 

Suppose  these  two  engines  te  have  each  one  cylinder  of  the  same  diameter 
and  stroke,  the  boiler  pressure  of  the  first  to  be  2  atmospheres,  or  30  lbs. 
absolute,  that  of  the  second  3  atmospheres,  or  4Ci  lbs.  absolute,  the  terminal 
pressure  in  both  cases  to  be  7  lbs.,  and  the  back  pressure  4  Iba — The  cut-off 
in  the  first  will  be  ^  of  the  stroke,  or  a  rate  of  expansion  of  4'2SS,  and  the 
mean  pressure  with  an  ioitial  of  30  lbs.  is  17-4  lbs. ;  deducting  4  lbs.  of  back 
pressure,  the  ^eetive  mean  pressure  will  be  13*4  \ha.  In  the  second  engine, 
the  cut-off  will  be  ^  of  the  stroke,  and  the  rate  of  expansion  6-43,  and 
the  mean  preuore  with  an  initial  of  46  lbs.  is  20  lbs. ;  deducting,  as  before, 
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4  Ibo.  for  bMk  proBaure,  th«  ^ffictive  mean  preanire  ii  16  lbs.  Th«  ^eetive 
initieU  preuores  will  be  30  -  4,  or  26  Iba.,  utd  46  -  4,  or  41  lbs.,  reapeo- 
lively. 

Sioee  the  ojlinderB  are  of  the  same  <aipftoity,  and  the  termitud  preunres 
are  the  wme,  each  engine  oonaames  the  same  weight  of  steam  ;  bat  ginoe  the 
totAl  heat  of  avKporatioQ  of  steam  from  the  temperatars  oorrosponding  to  4 
Iba.,  and  at  that  oorreaponding  to  45  lbs.,  ia  1 130*  Fah.,  while  at  that  corre- 
■pondiDg  to  30 lbs.  it  is  1121°  Fah.,  there  will  be  im  ezpeodltiire  of  fael  to 
obtain  the  steam  at  45  lbs.  slightly  in  exoeaa  of  that  at  30  Ibe.  As  this,  how- 
ever, amounts  to  less  than  1  percent.,  it  may  be  neglected,  and  the  cost  of  the 
steam  aasamed  to  be  the  same.  It  will  be  seen  then  that,  with  the  advance  of 
boiler  pressure,  tbere  is  an  advance  in  mean  pressure,  and  the  gain  in  power 
amounta  to  nearly  20  per  cent. ;  but  the  initial  load  on  the  piston  of  this  more 
economic  engine  ia  07  per  cent,  higher  than  that  on  the  more  waateful  one, 
and  consequently  the  rods,  framing,  &a.,  must  be  57  per  cent,  stronger ;  the 
shaft  will  be  increased  in  size,  and  the  cylinder  and  passages  must  be 
stronger.  Altogether,  then,  the  engine  will  become  heavier  and  mora 
ooatly,  as  the  boiler  pressure  is  increased. 

To  render  the  comparison  strictly  fair,  it  would  be  necessary  to  lake  two 
engines  of  equal  power,  so  that  if  the  stroke  of  the  pistons  is  the  same,  their 
areas  will  be  inversely  proportioned  to  the  mean  pressures,  aad,  conse- 
quently, the  initial  strains  will  now  be  26  lbs.  and  -^  of  41,  or  345  lbs., 

which  gives  an  excess  of  31  3  per  cent. 

ProgresB  Hade  by  Early  Uarlne  Engineers. — The  early  marine  engineers, 
however,  did  not  advance  on  these  lines  as  a  rule,  for  very  nearly  the  same  rate 
of  expansion  waa  observed  with  steam  of  three  atmospheres  aa  had  obtained 
with  steam  of  atmospheric  pressure,  and  consequently  very  little  benefit  was 
(derived  in  economy,  compared  with  what  might  have  been  the  case  had  they 
done  so.  The  chief  result  accraing  from  the  increased  boiler  pressure  waa 
the  larger  indicated  horse-power  developed  by  engines  of  the  same  size  as 
formerly,  partly  due  to  the  angmentation  of  mean  pressures,  and  partly  to 
the  increased  piston  speed  resulting  from  these. 

Engines  of  as  much  as  200  N.H.P.,  working  with  steam  of  60  lbs.  pre» 
sure,  were  supplied  to  the  Navy  by  Messrs.  Pean  and  Messra.  Maudslay  as 
early  as  1853 ;  bnt  a  period  of  more  than  fifteen  years  elapsed  before  the 
Admiralty  again  employed  such  pressure  in  any  larger  ship  than  a  gun- 
boat. 

Just  previous  to  the  re-introduction  of  this  high  boiler  pressure  into  the 
Navy,  warships  were  being  supplied  with  boilers  loaded  to  30  Iba.  per  square 
inch;  the  rate  of  expansion  was  about  1'5  when  at  full  speed,  and  about  3 
when  cruising.  Some  merchant  ships  were  still  working  under  similar  con- 
ditions; batthemajority  of  new  vessels,  unless  fitted  with  compound  engines, 
were  supplied  with  boilers  loaded  to  40  or  50  lbs.  per  square  inch,  and  the 
rate  of  espaosion  was  about  3  to  4  when  on  regular  service.  The  advocates 
of  the  expansive  system  (in  order  to  rival  the  performance  of  the  compound 
engine)  used  a  boiler  pressure  of  60  lbs.,  and  a  rate  of  expansion  of  5.  Some 
small  steamers,  and  some  larger  ones  in  which  economy  waa  sacrificed  to 
speed,  had  engines  supplied  with  steam  of  6  atmospheres  and  a  rate  of 
expansion  of  only  1-5. 

A  comparison  of  four  such  engines,  having  the  same  stroke  and  deval(^ 
ing  the  same  power,  can  be  made  from  the  following  results  ^— 
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Euinples  (1),  (2),  uid  (3)  shoir  ooaolnnTelj  that  hj  inoreuing  the  boil«r 
presinre  and  r»te  of  expansion,  w  u  to  obtain  nearlj  the  same  mean 
preuare,  the  weight  of  at«tun  naed  it  considerRbly  dimimBhed  and  the 
terminal  presflure  cooaiderabl;  rednoed,  but  that  then  ia  an  inereMe  in  the 
maxiioam  load  on  the  piston  proportionate  to  th«  ah«oluU  preuare  in  the 
boiler,  ao  that  the  ratio  of  maximum  to  mean  pressure  of  examp]*  (S) 
exceeda  that  of  example  (1)  bj  more  than  80  per  cent. 

Atthongh  such  an  increaa«  in  weight  of  maohinerr  aa  would  ba 
neceatitated  by  ao  great  an  inoreaae  in  load,  may  not  be  of  mnch  import- 
uioe  in  aome  ahipa,  is  othen  it  would  be  prohibitive ;  for  when  the  power 
reqaired  for  certain  apeeds  of  ahip  becomea  large  compared  with  the  dis- 
placement, it  requires  the  utmoat  care  in  design  to  keep  down  the  weight, 
BO  aa  to  admit  of  the  engines  being  carried  by  tJie  ship  on  the  required 
dranght  of  water.  For  this  reason,  in  actual  practice,  it  waa  found  impoaaible 
to  use  steam  of  over  60  lbs.  pressure  (above  the  atmosphere)  in  very  fiwt 
river  steamers,  or  even  in  high-powered  steamers  for  Channel  lervioe  of 
moderate  aize,  on  account  of  the  limited  speed  of  piston  obtainable  with  the 
paddle-wheel  By  means  of  forced  draught,  constructing  the  ship  and  engines 
as  much  as  posaible  of  steel,  and  a  special  design  of  light  compound  engines, 
pressures  of  100  to  126  lbs.  are  now  employed  in  such  ahipa,  and  in  some 
few  cases  triple-expansion  engines  uaing  steam  of  170  lbs.  pressure  have 
been  fitted  in  paddle  steamers  of  high  speed.  With  the  screw  engine,  where 
the  number  of  revolutions  per  minute  may  be  largely  varied  without  any 
very  widely  difiering  results,  and  which  may  have  a  long  atroke  of  piston 
without  encroaching  too  much  on  passenger  or  cargo  space,  the  evila  arising 
from  high  initial  preaanres  in  non-oompound  enginea  may  be  ao  mitigated 
as  to  permit  of  their  being  used  for  the  fast  navigation  of  shallow  waters  by 
oomparatively  small  steamers ;  but  it  seldom  happens  that  such  ships  hava 
sufficient  draught  of  water  to  admit  of  snfficienuy  large  screws  for  efficient 
working. 

Exunple  (4)  ia  given  that  the  effeot  of  two  widely  different  boiler 
pressures  may  be  compared,  when  the  rate  of  expansion  is  the  same.  The 
mean  pressure  is,  of  course,  much  higher,  and,  but  for  the  back  pressure 
being  the  same,  would  bear  the  same  proportion  to  that  at  the  boiler 
pressure  of  30  lbs.  as  the  initial  absolute  pressures,  viz.,  0  to  3.  The  weight 
of  steam  uaed  is  very  little  leas  than  that  of  30  lbs.  preeanre,  and,  owing  to 
the  reduction  in  the  size  of  the  pieton,  the  maximum  load  in  this  case  ia 
practically  tlie  same  aa  in  example  (1).  The  pressure  at  exhaust  is  exceed- 
ingly high,  being  15  Um.  absolute,  or  30  lbs.  above  that  ef  the  atmosphere. 
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•o  that  it  ia  capable  of  doing  oonaidenblf  more  irork,  if  admitted  iato 
another  cylinder  of  lai^r  size,  than  that  of  the  first ;  and  even  if  admitted 
into  one  of  the  same  size  (provided  it  finally  exhausts  into  a  condenser), 
more  work  will  be  ofatAined  from  the  steam  than  if  it  is  allowed  simply  to 
escape  into  the  atmoaphere.  No  advantage,  however,  will  be  gained  by 
osiog  a  second  cylinder  of  the  same  liie  over  that  of  ezhaostiDg  the  steam 
direct  into  a  condenser  ;  in  &ct,  in  practice,  from  the  resistance  by  friction, 
&0.,  a  second  cylinder  would  give  a  positive  loss. 

Beceiver  Compoond  Engine. — Now,  snppose  that  an  engine  working 
under  the  conditions  set  oat  in  example  (4)  (so  far  as  pressure  and  out-off 
are  concerned)  exhausts  into  a  steam-tiffht  space,  so  that  there  is  back 
pressure  in  ^nt  of  the  piston  equal  to  the  pressure  in  this  receiver  of  the 
exhaust  steam ;  and  suppose,  further,  that  the  steam  is  taken  away  from 
the  receiver  at  the  same  rate  as  it  is  supplied  by  the  cylinder,  there  will 
then  be  a  constant  mean  pressure  maintained  there.  For  the  sake  of  fixing 
the  application  to  example  (4),  suppose,  again,  the  presBure  in  its  receiver 
to  be  30  lbs.  ahiolute,  then  the  mean  pressure  In  the  cylinder  will  be 
6705  -  30  —  37 -SS  lbs.  only-  Now,  snppose  a  second  and  larger  cylinder 
to  be  supplied  with  steam  from  the  receiver  at  such  a  rate  that  there  is  no 
change  of  pressure  in  it  (this  being  accomplished  by  so  arranging  the  cnt-o£F 
in  the  second  cylinder,  that  the  weight  of  steam  taken  hy  it  equals  the 
weight  of  steam  exhausted  from  the  first  one);  the  cut-off  may  be  deter- 
mined from  the  formula  j> «  —  const ;  so  that  if  V  be  the  volume  of  the 
second  cylinder  and  «  that  of  the  first,  46  lbs.  the  terminal  pressure  in  the 
smalt  and  30  lbs.  the  initial  in  the  large  cylinder.     Then,  cut-ofi*  in  the 

second  cylinder  —  ^^  ~  Ti  '^  v*  '^^  ^  ^^^  ratio  of  Y  to  v  is  3,  the  cut-off 

in  the  second  oyliader  is  }  stroke,  and  the  rate  of  expansion  in  it  2. 

The  mean  pressure,  with  an  initial  pressure  of  30  lbs.  and  a  rate  of 
expansion  2,  is  20-3IJ  lbs.;  and  allowing  for  a  back  pressure  of  4  lbs.,  the 
mean  effective  pressure  in  the  second  cylinder  ia  31  '38  lbs. 

Since  the  area  of  the  second  piston  is  three  times  that  of  the  flrsl^  the 
work  done  in  the  second  cylinder  is  equivalent  to  what  might  be  done  by 
one  of  the  same  area  as  the  first,  with  a  mean  effective  pressure  three  times 
as  great,  or  64-14  lbs.  per  square  inch.  It  will  be  seen  from  this  that  the 
total  work  done  hy  the  oombined  cylinders  is  the  same  aa  would  be  done  by 
Uie  original  cylinder  with  a  pressure  of  37*95  +  64*14,  or  103*09  Ibe.  per 
square  inch ;  hence  we  fled  that  there  ia  a  gain  of  nearly  60  per  cent,  from 
the  introduction  of  the  aecond  cylinder.  So  fsr,  the  compound  engine  would 
be  undoubtedly  more  economical  than  the  expanaivs  engine,  aa  exemplified 
in  examplea  (I),  (3),  and  (4),  but  leaa  in  this  puticular  instance  than 
example  (3). 

Expangive  and  Compound  Enginei  Compared._To  examine  the  relative 
economy  of  a  compound  and  of  a  simple  expansive  engine,  it  is  neceassry 
that  they  should  both  work  with  the  same  boiler  pressure  and  the  same 
rate  of  expansion.  Now  examplea  (3)  and  (4)  satisfied  the  first  condition, 
and  if  the  second  is  also  satisfied,  then  they  may  be  compared.  The  rate  of 
expansion  in  example  (4)  ia  1-666,  and  since  the  volume  of  steam  in  the 
second  cylinder  at  the  end  of  ito  stroke  will  be  three  times  that  in  the  first 
at  the  same  period,  the  total  expansion  effected  by  both  cylindera  will  be 
3  X  1-666,  or  five  times.  The  out-off  in  example  (3)  was  two-tentha  the 
stroke,  and  thereforo  its  rate  of  expansion  is  five;  so  that  these  two 
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txamplea  may  be  compared  aa  to  the  effidency  of  the  steam.  The  effecttre 
presanre  of  the  oompooad  syatem  may  be  referred  to  the  Urge  cylinder,  in 
the  game  way  in  which  it  wsa  referred  to  the  small  one,  &nd  will  be  that 
aetnally  on  the  huge  oylinder,  together  with  that  on  the  atnall  one  divided 
by  the  ratio  of  their  capacities  ;  neooe,  effeodve  mean  preanire  referred  to 

the  large  oylinder  it  21*38  +  — r — >  or  34-03  lbs.  per  aqnare  inch.     It  will 

be  aeen  that  this  it  1  -13  Ibt.  lest  than  that  obtained  in  tba  aimple  expansive 
engine,  and  therefore  a  lou  has  (Mcnrred  in  the  componnd  syatem. 

Snpfiose,  now,  that  the  cnt-off  in  the  Urge  cylinder  is  so  altered  that 
the  pressnre  in  the  reoeiver  is  46  lbs.,  so  that  it  receives  steam  at  the  same 
pressnre  as  that  which  exhausts  from  the  small  one ;  in  this  case  there  will 
be  no  "  drop  '  in  the  pressure  from  commencement  of  exhaost  to  the  end  in 
the  small  cylinder. 

The  mean  effectiTe  pressure  in  the  small  cylinder  is  now  67'Sff  —  46,  or 
23-9S  lbs.  per  square  inch. 

The  enfeoff  in  the  large  oylinder  —  j-  ».,  or  ^  the  stroke,  which  giret 

3  as  the  rate  of  expantion. 

With  an  initial  pressure  of  46  lbs.  and  rate  of  expantion  3,  the  mean 
pressnre  u  31-5  Iba.;  allowing  4  lbs.  for  back  preasare,  the  effective  mean 
pressure  is  27  6  lbs. 

Beferred  to  the  large  cylinder  the  effective  mean  pressure  of  the  system 

it  now  27*6  +  — =— ,  or  36-16  lbs.  on  the  tquare  inch,  or  txaetty  tie  tome  at 
that  obtained  in  the  simple  expansive  engine. 

Effect  of  " Drop "  in  the  BeoelTer. — It  is  aeeu  from  the  above,  then,  when 
no  "drop"  occurs  there  is  no  loss  of  efficiency  ;  but  that  when  the  pressure 
in  the  receiver  is  less  than  the  terminal  pressure  in  the  small  cylinder, 
there  is  a  loss  of  effective  mean  pressure.  This  arises  ft-om  the  steam  being 
allowed  to  expand  from  the  small  cylinder  into  the  receiver  without  doing 
Kork,  But  it  is  known  that^  when  this  takes  place,  the  tteam  becomes 
superheated;  for,  inasmuch  at  the  loss  of  pressure  haa  occurred  without 
conversion  into  external  work  or  loss  of  heat  in  any  way,  it  must  appear 
in  some  other  form.  Although  this  loss  is  not  wholly  recovered,  it  it 
oonsiHcrably  redaced  by  the  benefit  which  the  steam  derives  from  the 
superheating  in  expanding  in  the  large  cylinder,  and  it  is  therefore  more 
apparent  than  real 

DtvlEion  of  the  Work. — It  will  be  aUo  seen  that,  at  the  ratio  of  the 
cylinders'  capacity  is  3,  and  the  effective  mean  pressures  22'&5  Ibt.  and 
27-5  Iba,  the  work  done  in  the  small  oylinder  to  that  in  the  large  is  as 
22'99  to  27-6  x  3,  or  nearly  1  to  3-0;  while  in  the  former  case  it  wai  at 
37  95  to  21-38  x  3,  or  nearly  1  to  1-7. 

Therefore,  with  an  earUtr  cut-off  in  the  large  cylinder,  mor«  work  it 
developed  in  it  than  is  the  oaae  with  a  later  cut-off;  and,  moreover,  with 
tiiia  ratio  of  cylinders,  in  order  to  get  the  highest  effidency  of  the  steam, 
the  ratio  of  the  work  done  it  as  1  to  S'6 ;  and  the  initial  pressure  on  the 

large  pitton  it  41,  and  on  the  tmall  — s — ,  or  10,  aa  againtt  71  on  the 

ezpaoaioa  engine  of  eqval  tize}  and  eren  if  the  compound  engine  were 


ogle 
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krraiiged  with  ona  cylinder  above  the  other,  tite  combined  initial  praunrs 
would  be  41  +  10,  or  fil,  as  againit  71  of  the  simple  expaneiva. 

Direct  EzpaoBion  Compoond  Engine.— The  com  pound  engine  ma;, 
however,  work  without  an  intermediate  reoeiver,  if  the  pistons  are  ar- 
mnged  to  move  simnltaneonaly,  either  in  the  tune  or  opposite  direo- 
tiona.  To  consider  thii  case— euppose  the  cylinders  to  be  side  by 
side,  and  the  pistons  to  move  in  opposite  directions,  as  proposed  bj 
Woolf,  so  that  when  the  small  piston  has  receded  on«-tenth  of  the 
stroke,  the  large  one  haa  adranoed  by  exactly  the  same  amount,  and 
the  space  between  them  is  0-9  «  +  01 T ;  the  volume  of  steam 
at  comnienoemeut  of  exhaust  ii  «,  uid  the  preunra  at  that  period,  as 

before,  45  lbs. ;  the  Tolume  at  any  point  of  the  stroke  (tq)>  or  the  space 

,   .  ,.       .  ,  n  —      10  -  » 

between  the  pistons  "  ts  »  +  ~rg — v, 

-n(v-.)  +  ., 

and  Binoe  Y  —  S«,  ipaee  between  the  piston  at  n-tenths  of  the  stroke 

The  pressure  at  thu  point  —  4S  +  (^  +  1).    The  pressures  at  every 

tenth  of  the  stroke  from  0  to  10  will  be  46,  37D,  3214,  28  12,  350,  22-5, 
20'46, 18-76,  17-3,  16-07,  16'0;  the  mean  of  which  is  21-78  lbs.  per  square 
inch.  Deduct  this  from  67*95,  and  the  effective  mean  pressure  in  the  small 
cylinder  is  43-17;  deduct  4  lbs.  from  24-78  lbs.,  and  the  eSeotiTe  mean 
pressnre  in  the  large  cylinder  is  20'78  lbs. 

The  effective  mean  pressure  of  this  system,  referred  to  tiio  large  cylinder, 

is  now  2078  +  — s— ,  or  35-17  lbs.  per  square  inch,  which  is  the  same  h 

that  obtained  by  direct  expansion  in  one  cylindei^-example  (3). 

It  will  be  observed,  however,  that  the  ratio  of  the  power  exerted  by  the 
small  cylinder  to  that  exerted  by  the  large  one,  is  as  4317  to  3  x  30-78,  or 
1  to  1-44,  being  nearer  an  equal  distribution  of  the  work  than  in  either 
of  the  cases  of  the  intermediate  receiver  engine.  This  latter  result  is 
caused  principally  by  the  decreased  back  pressure  in  the  small  cylinder. 

In  actual  practice  there  are  certain  causes  which  materially  modify  the 
results  shown  by  both  of  these  forms  of  oompound  engine,  as  illustrated  in 
the  foregoing. 

In  the  receiver  compound  engine,  the  pressure  in  the  receiver  is  not 
constant,  because  of  its  limited  size,  the  difference  in  the  periods  of  exhaust 
and  admission,  and  the  cushioning  after  cut-off  in  the  lai^e  cylinder  by  the 
small  piston. 

The  direct  expansion  engine  is  only  nominally  without  a  receiver,  as 
the  space  between  the  small  piston  and  the  large  one  is  often  considerable 
{v.  fig.  20),  from  the  size  of  the  communication  pipes  and  the  valve-box 
of  the  large  cylinder.  The  valve  of  the  large  cylinder  cnta  off  some  time 
before  the  small  one  ceases  to  exhaust,  causing  cushioning  in  the  latter 
and  in  the  spaces ;  the  small  cylinder  also  commences  to  exhaust  before 
the  large  one  can  take  steam. 
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Direct  expansion  compound  cjlinden  have,  however,  been  armnged  so 
that  one  cyliodar  communioateB  directly  with  the  otber,  without  any  inter- 
vening space,  by  placing  the  cylinders  aide  by  side,  and  oausiog  the  piston's 
to  operate  oa  cranks  set  opposite  one  another  {v.  fig.  126).  But  such 
engines  have,  for  other  reasons,  proved  generally  nnaaitable  for  propelling. 

ReqoislteB  la  the  Hariue  Engine. — A  marine  engine  most  be  (!)  readily 
started  Rnd  reversed ;  (2)  it  most  have  a  turning  moment  or  torsion  kb 
nearly  nnifonn  sa  poMible ;  (3)  it  must  be  able  to  work  continuontly  for 
long  periods  without  stoppage  from  any  canae ;  and  {4)  and  lastly,  it  must 
be  economicaJ. 

The  first  condition  is  a  nne  qud  non,  and  is  generally  fulfilled  by  having 
two  or  more  cylinders,  operating  on  cranks  at  suitable  angles. 

The  second  condition  is  abaolntely  necessary  when  weight  is  a  serious 
consideration,  and  is  very  fairly  satisfied  by  the  two  or  more  cranks  at 
proper  angles,  and  the  cylinders  so  designed  as  to  divide  the  work  equnlly 
between  them.  When  weight  and  size  of  working  parts  are  of  smsU 
importance,  a  single-crank  engine,  or  an  engine  with  two  cranks  opposite 
one  another,  each  having  a  flywheel  to  ensure  nniformity  of  motion,  will 

The  third  condition  will  depend  very  much  on  the  variation  in  stress, 
■0  that  the  engine  with  small  initial  preasore  compared  with  mean  pressure, 
is  more  Likely  to  fulfil  it  than  one  with  large  initial  pressures. 

The  fourth  condition,  whioh  is  of  the  ntuiost  importance  to  the  ship- 
owner, is  very  well  complied  with  by  the  receiver  form  of  conipound  engine, 
and  better  still  by  the  triple  and  quadruple  compound  engines. 

It  has  been  shown  that  a  compound  engine  in  which  the  steam  expands 
direct  from  the  one  cylinder  to  the  other,  and  the  receiver  engine  having  a 
cut-off  in  the  large  cylinder  the  same  as  the  ratio  of  the  small  to  the  large 
i^linder,  are  bot£  equal  to  the  direct  expansion  simple  engine  in  efficiency 
<k  the  steam.  But  neither  of  these  two  forms  answers  conditions  (1)  and 
(2),  and  it  id  doubtful  if  they  do  condition  (3),  while  experience  has  sho>t  n 
that  they  do  not  always  satisfy  condition  (4).  Although  numerous  attempts 
were  made  by  very  many  able  men  lo  design  and  construct  an  engine  on 
the  oompound  system  which  should  have  the  highest  efficiency,  so  far  as 
stesm  used  is  concerned,  the  fact  remains,  that  the  form  which  is  theoreti- 
cally least  efficient  was  the  one  that  survived,  and  was  recngnised  on  all  sides 
as  the  best  compromise  of  the  various  conditions  governing  the  choice  of  a 
marine  engine. 

With  two  cylinders  and  cranks  at  right  angles,  there  must  inevitably 
be  some  amount  of  "  drop,"  if  the  work  is  to  be  evenly  divided  when  the 
power  is  so  much  a.i  is  usually  developed  by  a  marine  engine  at  service 
speed.  The  crank  of  the  small  cylinder  should  lead — that  is,  shonlil  be  in 
advance  of  the  other  crank  by  90  ,  or  such  other  angle  db  it  is  deemed  beat 
to  set  the  cranks  at.  When  this  is  the  case,  the  small  cylinder  begins  to 
exhaust  just  after  the  crank  of  the  large  cylinder  has  got  well  over  tbe 
centre,  and  tends  to  maintain  a  constant  pressure  on  the  large  piston 
through  the  earlier  portion  of  its  stroke,  and  at  cut-off  the  pressure  iu  the 
receiver  is  not  much  below  its  average  pressure.  If,  on  the  other  hand,  the 
crank  of  the  large  cylinder  leads,  exhaust  takes  place  only  a  little  before 
cut-off  in  the  Unte  cylinder,  and  causes  a  hump  in  the  indicator-diagram, 
showing  an  increase  in  the  amount  of  "  drop,"  and  that  with  no  diminishing 
in  the  mean  hack  pressure  in  the  small  oylinder.     Engines  having  tbe  lov 
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preunre  engine  cr&nk  m  the  lewlmg  one  are  also  genenJl;  unbandy.  llie 
ant  triple-componnd  engines  were,  as  a  rule,  designed  so  that  the  high- 
pressnre  crank  "led,"  or  was  in  advance  of  the  meaimn-presBnre  crank  oy 
120*,  and  the  medinoi  pressure  tsrank  130*  in  tdvaDce  of  the  low-preBenre 
crank;  but  in  modern  practice  it  is  nana]  to  fit  the  low-pressure  crank  io 
advance  of  the  medium-presaure  crank,  &o.,  as  in  this  way  there  U  leas 
variation  in  temperature  although  the  load  on  the  pistosB  is  less  during 
the  first  half  of  the  stroke  and  greater  during  the  second  half  than  is 
the  case  when  the  high-pressure  crank  leads,  and  the  engine  is  not  appre- 
ciably leas  "  handy." 

The  first  cylinder  of  a  compoiind  engine  is  called  the  "  high  "  pressore, 
and  the  last  the  "low,"  from  their  association  with  the  condensing  and 
non-oondenaing  engine.  For  convenience  in  speaking  of  them,  they  are 
designated  by  the  initials  H.P.  and  LuP.  Hitherto,  in  the  chapter,  all 
comparisons  of  the  compound  with  the  simple  expansire  euKine  have  been 
made  on  the  supposition  that  the  expanaive  engine  has  only  one  cylinder 
of  the  same  capacity  as  the  low-pressure  one  of  the  compound  system.  To 
render  the  comparison  perfectly  fair,  it  will  be  necessary  to  take  such  cases 
as  may  be  fonnd  in  actual  practice.  In  triple-expansion  engines  the  middle 
cylinder  is  called  the  "  medium-press  are,"  and  sometimes  the  "inter- 
mediate," and  designated  by  the  initials  U.F. ;  and  in  quadraple  engines 
the  third  cylinder  ii  called  the  2nd  M.P. 

CompantlTe  Efflotency  of  the  Tarioas  KIndB  of  Marine  Engine.— (1)  A 
tingU-eyUniUr  txpatuive  engine:  rate  of  expansion,  b;  initial  pressure,  60 
lbs.  absolute ;  area  of  piston,  A. 

Hean  pressure  -  •        —  il*76  lbs. 

Effective  mean  pressure  -  -  41-76  -  1  -  37-76  lbs. 
Effective  initial  load  on  piston  -  (80  -  4)  A  -  76  A  lbs. 
Efficiency  of  the  system    -         »  1-00. 

(2)  A  tingU-orank  eompotmd  engine :  rate  of  expansion,  6 ;  initial 
preiisure,  80  lbs.  absolute;  area,  L.P.  piston,  A;  ratio  of  cylinders,  B, 
generally  in  practice,  4. 

Effective  mean  presaare  referred  to  L.F.  piston  >  41-76  -  4  -  37-76  Iba. 

Terminal  pressure  in  H.P.,  and  initial  pressure  in  LP.  —  -tt-  x  80 

-64  lbs. 

Effective  initial  load  on  H.F.  ptaton  -  (80  -  64)^  -  4  A. 

L.P.      „      -(64-    4)  A -60  A. 
Efficiency  of  the  system  •        -        -  -  100. 

Total  load  on  crank  is  therefore  64  A,  against  76  A  with  the  simple 
expansive  engine. 

As  in  actual  practice  there  is  invariably  a  drop,  which  will  amount  to  aa 
much  as  10  Iba.  in  an  engine  of  this  kind,  the  initial  pressure  in  the  low- 
pressure  cylinders  being  decreased  by  that  amount,  and  that  of  the  )iigh> 
pressure  increased.  So  that,  actually,  the  total  loads  will  be  as  C6-6  to  76, 
or  a  saving  in  the  compound  engine  of  over  26  per  cent,  of  the  strain  put  on 
the  roda,  framing,  <feo. ;  and  also  enabling  a  large  redaction  to  be  made  in  the 
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di&meter  of  the  shaftings  The  engine  will  work  mnoh  more  iteadily,  owing 
to  the  ratio  of  maximam  to  meui  presanre  being  bo  largelv  reduced ;  and  the 
haudineas  very  mnch  increaaed  from  the  cat-o£F  in  the  high-preMore  cj'linder 
being  ao  late  as  ^  the  stroke.  The  friction  of  the  two  cylinders,  &&,  is  oou- 
■ideiably  greater  than  that  of  the  one,  bnt  this  is  more  than  balanced  by  the 
redaction  in  friction  on  the  gnides  and  journals  ;  and  the  friction  on  the  valve 
of  the  single  cylinder  exposed  to  high-presaare  steam  will  be  more  than  the 
oomtuned  friction  of  the  two  valve^  the  small  one  of  wliich  only  is  ao  ex- 
posed, while  the  expansion  valve  (which  is  necessary  to  the  aingle  cylinder 
lor  BO  early  a  out-ofi)  will  also  increase  its  loss  from  friction. 

The  compound  engine  compares  more  favourably  with  the  aimple  expan- 
sive when  both  have  two  cylinders  and  two  cranks.  Then  each  engine  has 
the  same  number  of  working  parts  of  necessity,  and  the  simple  expansive, 
besides  having  the  usnal  slide  valves,  each  of  which  is  exposed  to  the  boiler 
pressure,  has  an  expansion  valve  to  each  cylinder,  in  order  to  effect  so  early 
a  cut-o£E  The  following  examples  will  ahow  the  reaulta  of  the  two  aystems 
under  the  same  circamstances  : — 

(3)  A  stmpfs  aa^nmSHw  engine  having  tun  oylinden,  each  of  whose  pistons 

has  an  area  of-^r  inches ;  rate  of  expansion,  6 ;  initial  pressure,  80  lbs. 

Hean  pressure  -        .        -        -        »  41*76  lbs. 

Effective  mean  pressure    -        -         -  41-76  -  4  =>  37*76  lbs. 

Effective  initial  load  on  piaton  ■-=  (80  -  4)  -^  -  38  A  lbs. 

Effective  mean  load  on  both  pistons  ■•  3776  x  Alba 
Efficiency  of  the  system    -        -         —  1  00. 

(4)  A  compound  engina  having  tvo  cylindert,  the  ratio  of  whose  piston 
area  is  3,  and  the  area  of  low-pressure  piston,  A;  rate  of  expansion,  C; 
initial  pressure,  80  lbs. ;  presaure  in  receiver,  21  Iba. 

The  cnt-off  in  high-preaaure  cylinder  to  effect  tbia  rate  of  expanaion  ^  f 
or  0-6  stroka 

The  cut-off  in  low-preaaure  cylinder  to  maintain  21  Iba  pressure  in  the 
RO  X  0-6      „  »„   . 
receiver  ■•  -5= s-  =  0'76  the  stroke. 

Effective  mean  pressure  in  H.F.  cylinder  ~  72-48  -  21  e  61  48  Iba 
L.P.        „        =20-32-4    -  16-32  lbs. 

Effective  initial  load  on  H.F,  piston      •  =  (80  -  21)  y  -  17-3  x  A  Iha. 

L.P.      „  =  (21  -  4  )A  -  17-0  X  Alba. 

Effective  mean  load  on  both  piatona       -  =  61-48  x  -g-  +  16-33  x  A 

=  33-48  X  Alba. 
Efficien^^oftheayatem-        .    .    -         -   =0887. 

It  will  be  aeen  that  the  initial  load  on  each  of  the  pistons  of  the  com- 
pound engine  is  very  nearly  equal  in  this  case,  and  is  less  than  half  that  on 
each  piston  of  the  expansive  engine.  The  work  done  is  very  nearly  equally 
divided  between  the  two  cylinders,  bnt  falls  abort  of  that  done  by  the  expan- 
sive engine  by  more  than  1 1  per  cent. 

The  compound  engine,  therefore,  is  nominally  not  so  economic  in  steam, 
bnt  is  subject  to  much  lighter  loads,   and  fo  less  variation  in  load,  w 
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that  its  working  parts  may  be  much  lighter,  and  it  will  ran  mnoh  more 
steadily  than  the  expanBive  engine  i  and  owing  to  Bucfa  high  loads,  ^e 
friction  on  the  journals  and  guides  will  be  much  more  severe  with  the 
latter. 

There  is,  however,  one  other  advant^ie,  and  that  a  most  important  one 
in  actual  practice,  which  the  compound  ongine  has  over  its  rival,  and  that  ii 
the  oomparatively  small  variation  of  temperature  in  the  cylinders.  The 
cylinder  of  the  expansive  engine  is  exposed  alternately  to  the  heat  of  the 
boiler-steam  and  ^e  chill  of  the  condenser,  so  that  in  a  ver;  short  space  of 
time,  in  the  cases  jnst  now  considered,  the  temperatare  ranges  from  312°  to 
163' Fah.,  or  over  169'. 

The  high-presaore  cylinder  of  the  compoond  engine  dealt  with  is,  how- 
ever, exposed  to  a  variation  of  81*  Feh.  only,  and  the  low-pressure  cylinder 
to  78°  only,  or  each  to  only  half  that  of  the  expansive  engine. 

The  loss  of  efficiency  of  the  steam  from  condensation  and  partial  re- 
evaporation  on  expansion  would  be  very  great  in  an  expansive  engine,  if  it 
were  not  steam-jacketed  carefully;  and  with  the  steam-jaoket  any  re-eva. 
poration  which  occurs  during  exhaust  is  at  the  expense  of  the  heat  from 
the  jackets,  which  means  a  loss. 

The  compound  engine,  on  the  other  hand,  is  not  of  neoeM$it!/  fitted  with 
steam- jacketed  cylinders,  although  there  is  some  economy  to  he  effected  by 
doing  EO.  There  is,  moreover,  very  great  danger  of  cracking  the  cylinders 
with  such  large  variations  of  temperature,  as  a  complicated  structure  of  cast- 
iron  will  not  stand  sudden  cooling  when  hot,  nor  much  difference  between 
the  temperature  of  one  part  and  the  other. 

These  defects  in  the  expansive  engine  are  magnified  and  beoome  very 
■eriouB  in  slow-moving  engines. 

For  the  reasons  here  already  stated  that  a  compound  engine  is  more 
economic  and  better  working  than  an  expansive  engine,  the  triple  compound 
and  quadruple  compound  engines  are  superior  to  the  ordinary  compound 
engine. 

Belattve  ConBomptlon  of  Fuel  in  the  Simple  and  Compoond  Engines. — It 
is  claimed,  again,  for  the  oomponnd  syttem,  that  economy  in  consumption  of 
fuel  is  effected  by  it.  That  a  great  saving  may  be  accomplished  by  adding 
a  large  condensing  cylinder  to  an  engine  working  under  the  conditions 
named  in  example  (4),  page  77,  is  undoubted,  and  needs  no  further  proof; 
and  also  that  the  ooropound  engine  using  steam  of  a  higher  pressure  than  an 
expansive  engine,  and  expanding  more  times,  is  worked  with  superior 
eoonomy,  has  been  shown;  but  that  an  expansive  engine  using  the  same 
pressure  of  steam,  and  expanding  at  the  same  number  of  times  as  a  com- 
pound engine,  should  be  less  economical,  needs  solid  proof,  inasmuch  as 
theoretically  it  is  seen  to  be  more  economical.  Great  controversies  have 
raged  between  the  supporters  of  the  old  engine  and  those  of  the  oompound 
from  the  time  of  Arthur  Woolf  to  that  of  Dr.  Kirk,  the  former  pointing  to 
what  theory  taught,  and  the  latter  to  the  results  of  practice;  Woolf s 
engines  in  Cornwall  very  esrly  in  the  last  century  were  showing  a  "duty"  fcr 
in  excess  of  Watt's  engines,  but  the  philosophers  continued  to  publish  books 
showing  that  the  oompouod  engine  was  not  nearly  so  efficient.  John  Elder's 
compound  engines  in  the  Pacific  Steam  Navigation  Co.'s  steamers  having 
proved  their  superiority  about  1860,  the  Admiralty  were  induced  to  give  the 
system  a  trial ;  they  did  this,  however,  in  every  case  at  first  with  steam  of 
36  IbSk  only  and  engines  having  more  than  two  cylinders,  with  plenty  of 


C»NSDHPTION  OF  PUIL  IN   BIHPLE  AND  COUPOUND   ENGINES. 


8S 


complications.  FiDftlly,  oarefolly-de vised  eiperimenU  were  made  by  the 
British  Admiralt;,  and  by  the  GoTemmeDt  of  the  United  Slates,  which 
show  that,  although  there  was  no  very  great  difference  between  the  coal 
cODBumed  per  LH.P.  in  the  two  ayBtems,  the  compound  engine,  on  the 
whole,  is  more  eoonomicaL  The  beet  known  of  these  experiments  was  the 
trial  between  the  gonboata  "Swinger"  and  "Goshawk,"  the  latter  having 
compound  engines,  with  cylinders  25  inches  and  48  inchea  diameter  and  18 
inches  stroke,  the  former  expansive  engines,  hsving  two  cylinders,  34  inches 
diameter  and  22  inches  stroke. 

The  results  of  these  trials  is  given  in  the  followicg  table ; — 


DUnKtarof  BjUodar  and  iteoka. 


bp.tiTU.,  SCxK". 


Comp.,SS*  MidtS*  x  IS*. 


Bcnler  proemire, 

Tacuom,      -       -       . 

Revolntions  per  minute, 

Mean  presBaree,  - 

Indicated  horse-powar. 

Pitch  of  screw,     - 

Speed  of  ship, 

umI  consumed  per  I,  B.P.  per  hour, 

Water      „  „  ,, 


03-63 

...  { 

80-1 
16"  2i' 

eoo 

2-07 
21-47 


10599 
2-609 
IE  07 


49-0 
28 '4 
73-8 


77-8 
9'2i' 
6-00 
214 


These  two  ships  (which  were  of  the  same  dimensions,  form,  and  power) 
were  tried  under  similar  circumstances,  in  the  full  power  trial  being  steamed 
nearly  side  by  side.  Therefore,  bo  far  as  was  possible,  the  competition  was 
a  very  fair  one,  and  fully  tested  the  two  systems.  That  the  compound 
engine  came  out  so  nearly  equal  in  economic  results  with  the  expansive 
engine  is  matter  for  surprise,  especially  when  the  above  figures  are  carefully 
analysed,  and  really  proves  the  superiority  of  the  oompound  system,  so  far 
as  economy  of  fuel  is  concerned.  The  expansive  engine  had  the  advantages 
of  a  longer  stroke  and  a  coarser  pitched  propeller,  which  enabled  it  to  obtain 
both  speed  and  power  with  fewer  revolutions  than  its  rival;  and  conse- 
quently, since  the  frictional  and  other  losses  will  be  nearly  the  tame  per 
revolution  in  «ach  engine,  its  loss  would  be  less  and  its  efficiency  higher. 
The  compound  engine  was  worked  with  an  unequal  distribution  of  the 
power,  for  the  ratio  of  the  cylinders  being  about  3,  the  work  done  in  the 
high-pressure  is  to  that  done  in  the  low-pressure  cylinder  as  30-7  to  33-d&  ; 
this  would  contribute  very  much  to  the  losses  in  it  from  the  excessive 
"drop"  there  must  have  been,  and  from  the  high  initial  load  on  the  higb- 
presBure  piston.  Although  the  coal  consumed  per  I.H.P.  per  hour  is 
practically  the  same  at  the  full  power  trial,  and  somewhat  in  &vour  of  the 
expansive  engine  at  the  lower  power,  it  was  shown,  in  a  paper  read  before 
the  Institution  of  Naval  Architects  by  Mr.  Sennett,  that  the  consumption 
of  water  was  much  less  in  the  compound  engine  than  in  the  expansive ;  and 
inasmuch  as  that  test  eliminates  all  errors  which  may  have  arisen  from 
differences  in  the  boiler,  fuel,  and  stoking,  it  is  a  better  one.  Mr.  Sennett 
also  showed  that  the  compound  engine  could  do  better  still ;  he  gave  bho 
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resalta  of  aome  further  truli  made  hy  the  ^ininlty  with  gunboats  similar 
to  the  "  Swinger  "  and  "  Goshawk,"  of  which  the  following  is  n  Bummary :— 


"Skddnln.- 

•'HwriMD.- 

"KallMd.- 

'Pt^- 

•S'x'SJr- 

«..*^%~ 

Bdler  preMwe, Iba., 

tn-sff 

iia-o 

BBB 

41 

M-4 

»-o 

M 

116-6 

M-7 

ISl-S 

02-9 

124-8 

98-8 

Speed  of  piBton.  -       ■       feet  per  minute, 

424 

m 

m 

stn 

180 

Speedofahip.     ....       knota. 

9-2IS1 

7-2sa 

9-6S4 

7-8»9 

9-Wk 

8-413 

31-5 

S6-4 

201 

24-6 

17-12 

17 -66 

Indepondently,  however,  of  acientific  experiments  or  abstract  reasoning, 
all  aea-going  ships  of  the  meroaatile  marine  then  building  were  fitted  with 
engines  on  the  compound  sjstem ;  and  those  few  firms  who  adopted  the 
expansive  engine  with  ateam  pressure  of  60  lbs.,  abandoned  it  altogether, 
and  compoonded  the  engines  so  ooostruoted.  The  Admiraltj,  also,  aooa 
adopted  the  compound  engine  for  ships  of  every  sue,  notwithstanding  the 
argument  which  was  used,  with  some  show  of  reason  then,  that  the  eicpan- 
sive  engine  was  capable  of  working  at  full  power  with  ateam  at  atmospherio 
pressure,  which  the  compound  engine  could  not  do,  and  which  it  might,  for 
the  sake  of  aafety  in  action,  be  found  advisable,  and  aomatimee  necessary,  to 
do.  It  was  conaidered  a  very  serions  thing  that  shipa  of  the  Navy  should 
have  engines  which  could  not  satisfy  this  requirement.  All  aoruplea  on  the 
point,  however,  were  got  over  by  naing  a  three-  or  four-cylinder  compound 
engine,  ao  arranged  that  the  vAole  of  the  cylinders  oould,  if  so  desired,  take 
steam  from  the  boilers  direct,  and  exhaust  direct  to  the  condensers. 

The  compound  engine  waa,  after  the  triala  made  by  the  Admiralty, 
much  improved  in  efficiency,  and  as  more  knowledge  was  gained  by 
experience,  all  the  difficnltiea  with  which  tJie  early  designers  were  sur^ 
rounded  were  overcome,  and  sccepted  on  all  sides,  without  the  least  doubt, 
both  as  an  eoonomioal  and  trustworthy  engine.  Similar  controversies 
arose  on  the  introduction  of  the  triple-compound  engine  in  188:1,  but  did 
not  last  BO  long,  owing,  no  doubt,  to  the  better  knowledge  of  the  subject  in 
these  Uter  daya 

Like  so  many  other  matters  in  marine  engineering,  the  questions  of  the 
best  proportions  and  arrangements  of  cylinders  are  still  open,  and  matters 
of  opinion,  and  the  most  successful  practice  is  that  in  which  the  best 
com|>romise  between  conflicting  conditions  has  been  effected. 

Ratio  of  Cylinder  Capadt?.— The  chief  point  at  issue  between  rival 
engineering  establishments,  as  well  aa  between  engineers  generally,  ib  as  to 
what  is  the  best  ratio  of  cylinder  capacity.  In  designing  a  horizontal 
return  cotinecting-rod  engine,  it  has  been  Been  that  there  is  not  much 
choice  in  the  matter,  aa  the  power  reqnired  determines  the  size  of  the  low- 

EresBure  cylinder,  and  the  distance  between  the  piston-rods  that  of  the 
igh-preasnre ;  but  when  not  trammelled  by  such  conditions  the  ratio  may 
be  within  certain  bounds  according  to  the  &ncy  or  judgment  at  the 
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dMignoT.  The  low-presinre  cylioder  is  undoabtedly  the  measure  of  the 
power  of  a  compound  engine,  for  lo  long  as  the  initi&l  ste&m  preuure  and 
r»te  of  expansion  are  the  ume,  it  signiles  verjr  little,  to  far  as  tolal  power 
only  is  conoemed,  whether  the  ratio  between  the  low-  and  high-pressure 
oylindera  is  3  or  4  for  a  oomponnd,  or  6  or  8  for  a  triple ;  but  as  the  power 
developed  should  be  near);  equally  divided  between  the  ojlinders,  in  order 
to  get  a  good  and  steady-working  engine,  there  is  a  necessity  for  exercising 
a  considerable  amount  of  discretion  in  fixing  on  the  ratio. 

WhatsTer  be  the  ratio  between  the  cylinders,  it  is  a  oomparatiTely  easy 
matter  to  set  the  valvea,  so  that  the  power  shall  be  equally  divided,  but  in 
doing  this  Tsry  different  results  are  obtained  of  another  kind,  for  the 
initial  loads  on  the  pistons  will  be  materiallv  affected.  For  this  reanon,  in 
ehooeing   a  particular  ratio  of  cylinders,  tne  objeets  are — to  divide  the 

Kwer  evenly,  and  to  avoid  as  ranch  ai  possible  "drop"  and  high  initial 
kde. 
I(  in  an  ordinary  compound  engine,  the  power  is  equally  divided,  the 
mean  pressure  in  high-jpressure  cylinder  will  be  to  that  in  low-pressure 
cylinder  as  R,  the  ratio  of  their  capacities.  Neglecting  the  loss  from 
*'drop,"  the  mean  pressure  in  the  low-pressure  cylinder  is  always  the  lamet 
whatever  B  may  be,  because  for  a  fixed  power  the  low-pressure  cylinder 
is  constant,  and  half  that  power  is  to  be  developed  by  it.  This  being  so, 
as  B  decreases,  the  mean  pressure  in  high-pressure  cylinder  decreases,  and 
that  abeolntely,  not  relatively  only.  But  B  decreases  only  bj  making  the 
high-pressure  cylinder  larger;  and  any  increase  in  that  direction  means 
increase  In  initial  loads.  If  the  mean  pressure  is  decreased  in  the  high- 
pressure  cylinder  with  the  same  initial  pressure,  the  terminal  pressure  will 
De  less;  and  since  this  is  so  the  cot-off  in  the  low-pressure  cylinder  must 
be  earlier  to  maintain  equal  division  of  the  power,  which  will  cause  the 
pressure  in  the  receiver  to  be  raised,  producing  an  increase  in  the  initial 
load  on  the  low-pressure  piston,  "the  increasing  of  the  pressure  in  the 
receiver  and  decreasing  of  the  terminal  pressure  lessens  the  "drop,"  and 
for  this  reason  some  manufacturers  make  their  engines  with  cylinder  ratio 
of  3  for  a  boiler  pressure  of  80  lbs. ;  while  otben,  to  avoid  such  high  initial 
strains,  prefer  a  ratio  of  4. 

The  "drop"  may  be  reduced  to  nothing,  when  the  latter  is  the  ratio 
by  "  notching  up  "  the  links  of  both  cylinders,  nntil  the  rate  of  expansion 
is  nearly  double  that  when  working  full  power ;  the  power  is  then  also 
equally  divided,  if  such  is  the  case  at  full  gear. 

If  inoreased  economy  is  to  be  obtained  by  increased  boiler  pressures, 
the  rate  of  expansion  should  vary  with  the  initial  pressure,  so  that  the 
final  pressure,  or  that  at  which  the  steam  enters  the  oondenaer,  should 
remain  constant.  If  this  rule  is  adhered  to,  it  follows  that,  with  the  ratio 
of  low-pressnre  to  bigh-pressnre  cylinder  constant,  the  cut-off  in  the  high- 
pressnre  cylinder  will  vary  inversely  as  the  initial  pressure,  and  will  be 
finind  as  follows : — 

Let  R  be  the  ratio  of  the  cylinders,  r  the  rate  of  expansion,  pj  the  initial 
pressure. 

Cut-off  in  H.P.  cylinder  -  — 

r  varies  with  p^,  so  that  the  terminal  pressure  p.  is  constant,  and  con- 

sequently  r  ~^'  -  . 
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Iterefore,  Cutoff  in  H.P.  ojlinder  =  R  x  ^ 

If  the  cut-off  is  to  remain  at  about  half  stroke,  it  follows  that,  aa  —  decreases; 

Pi 
so  R  must  iucrbase.     If  no  change  is  made  in  R,  then  the  cut-off  becomes 
earlier  with  the  increase  in  boiler  pressure,  and  increased  boiler  pressai'e 
will  mean  increased  strains  and  increased  weights  of  rods,  framing,  ilnd 
shafting. 

If,  on  the  other  hand,  the  high -pressure  cylinder  is  decreased  as  the 
pressure  is  increased,  so  that  the  initial  pressures  and  mean  pressures 
remain  the  name  on  the  pistons,  there  will  be  the  same  economy  of  fuel 
efffCCfd  without  any  material  increase  in  weight  of  thb  machinery. 

Farther  CompariBon  of  Efflolency  of  Engines. — The  compound  eugin^, 
having  two  low-]>reBsure  cylinders  and  one  liigfa,  possesses  advauuigea 
beyond  those  of  the  two-cyliuder  arrangement.  It  was,  no  doubt,  first 
chosen  principally  in  order  to  avoid  excessive  diameter  of  low-pressure 
cylinder  for  very  large  power,  and  because  of  the  uniformity  of  the  twisting 
moment  on  the  shaft  with  three  cranks  at  angles  of  l'iO°  apart.  But  in 
tliis  en^ne  the  work  can  be  equally  divided  between  the  cylitiderB  without 
those  disadvantages  previously  shown  to  exist  in  the  two-cylinder  engine 
working  under  this  condition.  To  divide  the  work  equally,  only  one-third 
will  be  allotted  to  the  high-pressure  cylinder,  and  one-third  to  each  of  the 
two  low-preastire  cylinders,  and  tliis  is  done  by  maintaining  a  considerably 
higher  pressure  in  the  receiver  than  obtains  in  the  two-cylinder  arrange- 
ment The  "drop,"  therefore,  is  considerably  less;  and  since  each  low- 
pressure  piaton  has  only  half  the  area  of  that  of  the  two-cylinder  engine, 
the  initial  loads  are  not  abnormally  large.  The  increase  in  receiver 
pressure  reduces  the  initial  load  on  the  high-pressure  piston,  and  hence  its 
diameter  may  be  increased,  so  as  to  get  increased  expansion  in  it  without 
increasing  the  initial  load  beyond  that  on  the  high-pressure  piston  of  a  two- 
cylinder  engine  of  equal  power. 

(5)  An  engine  Aatnn^  two  low-pnanire  emd  one  high-pretmvrt  cylindert 
toorlnng  on  three  crankt. — To  fully  appreciate  these  advantages,  suppose 
such  a  three-cylinder  engine  to  be  working  under  the  same  circumstances 
as  that  of  example  (4),  page  83,  so  that  the  area  of  each  low-pressure 

piaton  ii  -s,  and  of  the  high-pressure  piston  -^,  the  rate  of  expansion  6,  and 

the  initial  pressure  80  lbs,,  absolute. 

Aa  in  the  previous  example  the  cut-off  is  0*6  the  stroke.  Suppose  the 
preasure  in  the  receiver  to  be  32  lbs.  absolute. 

Then  the  cut-off  in  L.P.  cylinders  -  -^s 5"  =  O'^^  *he  stroke. 

The  effective  mean  pressure  in  the  H.P.  1  _  70-48  -  32  =  40*48  lbs. 

cylinder j  "  ~ 

The  effective  mean  pressure  in  each  LP.  1  _  28-19  -  4  ■  2419  lbs. 

cylinder |  "  ~      " 

Effective  initial  load  on  the  H.P.  piston  -  (80  -  32)  -^  <-  16  x  A  lbs. 
„  ^  each  L.P.        „      -  (32  - 


Goo'^  Ic 


tBtPLB^^ANSIOH  COHFODND  SNOllf&  69 

The  effective    mwa   load  on   dl   three )  -  10-48  x  ^  +  3  x  24-19  x  ^ 

P^*"-" i  -S7  68xAlbe. 

Efficieacy  of  the  B.Tstem  ..--=.  0-998. 

It  is  seen  by  this  that  the  initial  load  on  the  higb-pressure  piston  is  7^ 
per  cent.,  and  ui&t  on  eath  low-pressure  piston  17}  per  cent.,  less  than  the 
corresponding  loads  of  the  two-cylinder  engine  of  the  same  size ;  that  tlie 
gain  of  efficiency  o£  the  steam  is  12)  per  cent.,  if  no  allowance  is  made  for 
superheating  of  the  steam  on  expanding  into  the  receiver ;  the  "  drop "  in 
this  case  is  &4  -  32,  or  22  lbs.,  as  against  33  lbs.  in  the  two-cylinder  engine 
It  is  seen,  then,  that  theoretically  this  engine  is  neaj-ly  equal  in  steam 
efficiency,  both  to  the  simple  expansiTe,  and  to  the  compound  directnexpansion 
engine.  On  the  other  hand,  the  friction  of  three  engines  must  be  set  t^ainst 
this,  besides  the  extra  cost  of  manufocture  and  the  space  occupiM  by 


Triple-Expansion  Compotmd  Engine.— The  compound  engine  having  one 
high-pressure,  one  low-pressure,  and  one  medium-pressure  cylinder,  is  the 
one  most  commonly  found  in  use;  and  if  steam  of  over  100  lbs.  pressure  is 
to  be  used  economically,  and  if  the  engine  is  to  be  efficient  and  good-working, 
some  such  arrangement  is  necessary.  To  ensure  success,  the  steam  must  be 
expanded  down  to  about  10  lbs.  absolute,  the  initial  loads  on  the  pistons 
moderate,  and  the  drop  not  excessiva  ITie  low-pressure  cylinder  will  be 
rather  smaller  in  size  than  that  of  the  ordinary  (uo-cylinder  arrangement 
(the  reduction  depending  on  the  increased  efficiency  of  the  steam  from  the 
large  rate  of  expansion). 

(6)  For  example  : — To  determine  the  particulars  of  a  three-cylinder  com- 
pound engine  on  this  system  to  be  equal  to  that  set  out  in  example  (4),  page 
ti3,  the  initial  pressure  being  127  lbs.,  and  the  iste  of  expansion  10. 

The  mean  pressure  in  a  single  cylinder,  wiUi  a  cut-off  at  ^'g-  the  stroke,  is 
41-91  lbs.;  deducting  from  this  4  lbs.  for  bock  pressure,  the  mean  elective 
pressure  is  3791  lbs.,  or  nearly  the  some  as  that  of  example  /5),  page  US. 
Suppose  the  cut-ofif  in  the  high-pressure  cylinder  is  0-6  the  stroke,  then  the 
ratio  of  the  high-pressure  to  low-pressure  cylinder  must  be  6  to  effect  a  rate 
of  an  expansion  of  10.    The  ratio  of  the  medium-pressure  cylinder  to  high- 
pressure  cylinder  may  be  taken  as  |,  and,  consequently,  the  ratio  of  low- 
pressure   to  mean-pressure  cylinder  is    y.      The    pressure  between  the 
nigh-pressure  and  mean-pressure  cylinders  is  to  be  SO  lbs.,  the  cut-off  in  the 
mean-pressure  cylinder  will  therefore  be  0-61  the  stroke.    The  pressure 
between  the  low-pressure  and  mean-pressure  cylinders  is  to  be  21  Iba.;  the 
cut-off  in  low-pressure  cylinder  must  therefore  be  0-6  the  stroke. 
The  efiectiTe  mean  pressure  in  H.P.  cylinder  =  115  -  50  =  65  lbs. 
M.P.       „         =  45-4-  21  =  24-4  lbs. 
LP.        „        =  19    -    4  =  15-0  lbs. 

The  effective  initial  load  on  H.P.  piston  -  (127  -  60)-g  -  12-83  A  lbs. 

M.P.     „      -  (60 -21)AA  =  12-1  Albs. 
L.P.       „      =  (21  -  4)A  =170  A  lbs. 


KA.+  15A-.  36  X  Alba. 


The  effectJTe  mean  load  on  | 

all  three  pistons 
Efficiency  of  the  system  -  0-949. 

000*^  I C 


90  lUNUAL  Of  lURIHE  IHOINEKniNd. 

It  will  ba  seen  tbat  in  this  oase,  owing  to  "  drop,"  ihere  is  a  losa  of  nearly 
2  Ibe.,  but  the  work  ia  fairly  divided  between  ttie  three  cylinders,  and  tiie 
initiftl  loads  are  by  no  means  high ;  the  drop  from  the  high-preaanre  cylinder 
is  only  26  lbs.,  and  that  from  the  mean-pressure  cylinder  9^  lbs.  This  engine 
then  effects  an  eqiansion  of  10,  and  is  therefore  a  Tory  economio  one ;  it  will 
have  ft  very  regular  motion,  and  share  in  all  tiie  benefits  of  a  threfr«ylinder 
engine ;  and  the  strains  on  tlie  working  parts  will  be  very  moderate. 

(7)  To  see  how  iar  Haa  is  t^ue,  it  is  only  necessary  to  oompare  the  lesnlts 
with  those  £r«m  a  three-ot/lind^r  etKfine  hamna  two  loiiypretmre  cylindert,  miAi 

haying  a  piston  area  of  ^ 

Suppose  the  high-presanie  cylinder  to  hare  a  piston-area  of  v  •  the  cat-off 

in  tiie  hizh-pressure  cylinder  to  efTeot  an  expansion  of  10,  must  be  0-i  of  the 
stroke ;  uie  reoeiver  pressure  will  be  43  lbs.,  and  the  out-off  in  low-pressure 
<grlinder  0-3  of  the  stroke. 

The  effective  mean  ptessnre  1       „„      .«      t,.  ,. 
in  the  H.P.  cylinder      .  |  -  »?  -  *a  -  oo  IDs. 

The  effective  mean  preesuro  1  =  37.7  _  4  _  2S-7  lbs. 

m  each  Ii.P,  cylinder      -  J 

The  effective  initial  load  onl  „._      .„!  A.      „,  „_       .  ,, 

the  H.P.  piston      -       .}  =  (127  -  42)-^  =  21-26  x  A  lbs. 

The  effective  initial  load  on  1        ...      ..A      ,„ -,  ^   .  ,l. 
each  UP.  piston     -       .|  -  <«  -  4)  ^- 19-0  x  Alba. 

The  effective  mean  load  on  1       kk  „  A      .  /.,  _      A\     ,,  , „  „   .  ik. 
aU  three  pistons     -       .;  -  5B  x -^  +  3  (^23-7  x  ^  j  -  37-46  x  A  lbs. 

The  initial  load  on  the  hiKh-pressure  piston  ia  here  65  per  cent,  larger  than  in 
the  preceding  case,  and  that  on  each  low-pressure  piston  66  per  cent,  larger 
than  on  the  mean-pressure  piston,  and  11  j  per  cent,  above  that  on  the  low- 
pressure  piston  ;  but  the  efficiency  of  the  steam  is  aomewhat  higher  in  the 
latter  case,  the  drop  from  ^e  high-presanre  cylinder  being  only  8'8  lbs.  The 
ratio  of  maximum  pressure  to  mean  in  the  high-pressure  cylinder  is  1  54,  and 
in  the  low-pressure  cylinder  1  '6,  which  ore  about  the  same  as  those  of  the  old 
expansive  engine  working  with  a  boiler  pressure  of  46  lbs.,  and  ontting-off  at 
0'3  of  the  stroke.  It  is  not  always  advisable  to  set  the  cranks  at  angles  of 
1 20*  in  a  three^rank  compound  engine ;  their  precise  position  depends  on  the 
power  developed  in  each  cylinder,  and  the  r^tive  twisting  eSbrta  at  any 
moment. 

The  success  of  the  tziple-expansion  engine  ia  now  so  well  assured,  and 
all  doubts  as  to  its  efficiency  and  good  working  are  so  effectually  dispelled, 
that  it  is  without  doubt  the  engine  of  the  day.  It  does  not  differ  in  any 
essential  feature  from  the  ordinary  compound  engine^  and  its  success  was  in 
no  small  measure  assured  by  the  fact  that  most  makers  of  the  new  type 
departed  as  little  as  possible  from  their  previous  practice  in  its  general  con- 
struction. The  a^uments  for  and  against  this  type  of  engine  bear  a  strik- 
ing resemblance  to  those  used  in  the  well-remembei^  warfare  <^  Componnd 
iwrsut  ExpansiTe  engines,  and  the  objections  most  strongly  insisted  on  by  the 
opponents  of  this  system  are  just  those  used  against  the  original  oompound 
engine,  and  ore  rather  the  echo  of  old  battle-cries  than  the  sounds  «  new 
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ones.  A  tew  years'  expeiienoe  demoiiLstnitod  that  tiie  triplfi-expuudon  engine 
is  more  economioal  than  the  ordinary  oompotind  engine ;  that  tlie  wear  and 
tear  is  no  more,  bat  rather  less,  when  three  cranks  are  employed,  than  vith 
the  two  of  tlie  ordinary  oomponnd ;  and  that  boilers  of  the  common  marine 
dedgn  could  be  made  to  work  satisfactorilT  at  a  presaore  of  160  Iba.  per 
Bqnare  inch,  and  even  higher,  while,  with  oroinary  care,  tlieir  dnrabili^  and 
good  contanued  working  are  not  likely  to  be  less  Uian  those  of  similar  lioileiB 
pressed  to  60  lbs.  per  square  inch  under  similar  circamatapoes.  Speaking 
generally,  tiie  oonsomption  of  fnel  is  S5  per  cent,  less  with  a  triple-expansioD 
engine  than  with  an  ordinary  oomponnd  engine  working  nnder  similar  oir- 
cnmstancee.  That  is,  a  triple-expansion  engine,  supplied  with  steam  at  160 
lbs.  preesDre,  uses  26  per  cent  less  weight  of  water  per  LH.F.  than  an  ordi- 
nary compound  engine  snpplied  with  steam  at,  say,  90  lbs.  pressure,  both 
engines  being  equally  well-designed,  manufactured,  and  attended  to.  Also, 
that  a  tripl&«zpansion  engine  u  more  economical  than  an  ordinary  compound 
engine  when  bol^  are  supplied  with  steam  at  the  same  pressure,  for  all  pres- 
■nres  of  9C  lbs.  and  upwards,  and  especially  so  in  the  case  of  lai^  engmee. 
Hence^  it  may  be  taken  that  the  superior  economy  of  the  triple-expansion 
engine,  as  now  oonBtmctod,  is  due  to  two  causes,  tie.  : — (1)  To  the  superior 
pressure  of  steam  used  and  the  higher  rate  of  eniansion  thereby  possible ; 
and  (2)  the  E^stem  whereby  large  initial  loads  and  large  variations  of  tem- 
perature in  the  cylinders  and  la^;e  "drop"  in  the  receivers  are  avoided. 

Increased  pressure  of  steam  is  obtained  by  a  very  slight  increase  of  oon- 
Homption  of  fuel,  and  the  efficiency  of  ateam  rapidly  increases  with  increased 
pressure ;  hence,  steam  of  high  preasore  is  more  economical  than  that  at 
inferior  pressures.     For  example : — 

(L)  The  total  heat  of  evaporation  of  lib.  from  100*  and  at  27i*  F.  (oorre- 
■pondins  to  46  lbs.  pressure  absolute)  is  1097  thermal  unite. 

(ii)  From  100*  and  at  320°  F.  (comeponding  to  90  lbs.  absolute)  ia  1 110 
thermit  tinila 

(iii.)  Fnmi  100*  and  at  363*  P.  (oorreaponding  to  UO  lbs.  absolute)  ia  1120 
thermal  unite. 

(W.)  From  100°  and  at  377*  F.(<x>rreepondiQg  to  190  Iba.  absolute)  ialIS7 
themtal  units. 

Suppose  in  each  case  the  steam  to  be  expanded  to  a  terminal  pressure  of 
10  lbs.  absolute,  the  rates  of  expansion  will  then  be  4-6,  9,  14,  ana  19  respec- 
tively ;  and  the  meui  pressures  corresponding  to  these  initial  pressures  and 
rates  of  expansion  will  be  26  lbs.,  32  lbs.,  36  lbs.,  and  39  lbs.  respectively.  If 
the  volume  of  a  pound  of  steam  varied  exactly  in  the  inverse  ratio  of  the  pree- 
Bure,  these  figures  would  represent  the  relative  values  of  the  efficiency  ot  the 
steam  at  the  various  pressures.  But,  token  exactly,  the  relative  values  are 
26,  33-3,  38'6,  and  426,  thus  showing  that  a  ponnd  of  steam  at  90  lbs.  pres- 
sure la  c^jable  of  doing  33  per  cent,  more  work  than  a  pound  at  46  lbs. ;  a 
pound  of  steam  at  140  lbs.  pressure,  16  per  cent,  more  than  a  pound  at  90 
lbs.;  and  a  pound  at  190  lbs.  pressure,  106  per  cent,  more  than  a  pound  at 
140  Iba.  pressure,  or  28  per  cent,  more  than  at  90  lbs.  pressure.  In  other 
words,  an  engine  using  steam  at  140  lbs.  pressure  should,  apart  from  any 
practical  considerations,  consume  16  per  cent.  less  fuel  than  one  using  steam 
at  90  lbs. ;  and,  again,  that  an  engine  using  steam  at  190  lbs.  should  consume 
28  per  cent,  less  fuel  than  one  using  steam  at  90  lbs.,  and  lO'S  per  cent  less 
fad  than  one  using  steam  at  140  lbs. 

Looking  to  seeliow  far  practice  agrees  with  tbeae  reBulta,  it  is  found  that 
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tiie  ordinary  compoond  engine,  nsing  eteam  at  HO  lbs.,  ia  little,  if  at  aJl,  mom' 
eoonomical  than  one  using  steam  at  90  lbs.,  while  the  triple^xponsion  engine, 
with  steam  at  140  lbs.  presanre,  givea  a  greater  eoonomy  tban  theory  shows 
should  be  due  to  the  increased  pressure.  It  follows,  then,  that  there  is  some 
other  oanse  operating  to  produce  the  economic  results  shown  in  erery-day 
practice  with  this  new  engine,  for  there  is  now  no  question  that  the  saving 
in  fuel  effected  by  a  triple^xpansion  engine,  nsing  steam  and  expanding  11 
or  12  times,  is  about  25  per  cent,  of  that  used  by  an  ordinary  compound 
engine  of  the  same  power,  using  steam  at  90  lbs.  and  expanding  8  to  9  tdmes. 
The  other  cause,  or  rather  causes,  are  not  far  to  seek,  for  it  ia  to  be  noticed 
at  once  that  since,  by  using  steam  in  the  two  cylinders  of  a  compound  engine, 
the  large  variation  in  temperature  in  the  cylinder  of  tiie  expansiTe  engine  was 
avoided  (and  this,  doubtless,  was  one  of  the  chief  causes  of  its  superior  economy 
over  tlie  latter),  tlien,  by  using  three  cylinders  for  the  higher  pressures,  a 
similar  result  would  be  obtained.  Further,  aa  the  ordinary  compound  engine 
ia  not  subject  to  sa<^  severe  initial  and  working  strains  as  prevail  in  expan- 
sive engines  of  the  same  power,  and  using  steam  of  the  some  pressure,  so,  in 
the  tri^&exponaion  engine,  with  three  cranks,  these  strains  are  still  farther 
reduced.  In  other  words,  by  extending  those  leading  features  of  the  com- 
pound engine  which  conduced  to  its  economy,  the  engineers  have  achieved, 
with  the  triple  expansion,  a  victory  similar  to  that  obtained  thirty  years  ago 
by  their  predecessors,  but  with  somewhat  less  brilliant  results ;  and  it  is  not 
difficult  to  see  that  any  further  advances  must  meet  with  still  less  ^in. 
Until  science  and  skill  nave  discovered  new  materials,  or  other  applications 
of  old  ones,  there  will  not  be  much  practical  advantage  in  using  steam  at 
higher  pressures  than  now  obtained,  and  200  lbs.  pressure  seems  about  the 
limit  at  which  further  theoretical  economy  is  swallowed  up  by  practical  losses. 

It  has  been  repeatedly  maintained  by  the  opponents  of  triple-expansion 
engines  that,  if  the  ordinary  compound  engine  is  designed  with  a  long  stroke, 
it  is  as  economical.  In  order  to  see  bow  far  this  b  true  by  practice,  it  is 
sufficient  to  examine  the  diagrams  of  the  engines  of  the  s.s.  "yorthern," 
whose  cylinders  were  26  inches  and  56  inches  diameter  and  60-inch  stroke, 
used  steam  at  130  lbs.  absolute,  and  indicated  1235  H.F.,  which  show  a 
consumption  of  16-4  lbs.  of  water  per  I.H.P.  per  hour;  and  those  of  s.s. 
"Draco,"  whose  engines  have  cylinders  21  inches,  32  indies,  and  56  inches 
diameter  and  36-incn  stroke,  using  steam  at  126  lbs.  absolute,  and  indicating 
618  H.P.,  which  show  a  consumption  of  14'1  lbs.  per  I.H.F.  per  hour.  Or, 
again,  by  comparing  the  performance  of  the  "Draco"  with  that  of  the 
"  Kovno,"  having  engines  whose  cylinders  are  26  inches  and  50  inches 
diameter  and  45-inch  stroke,  using  steam  at  105  lbs.  pressure  absolute,  and 
indicating  809  H.F.,  which  show  a  consumption  of  16-6  Iba.  of  water  per 
I.H.P.  In  these  cases,  the  oonsumption  of  the  "Kovno"  is  17-73  per  cent, 
in  excess  of  that  of  the  "  Draco,"  and  7  -58  per  cent,  in  excess  of  that  of  the 
"Northern";  and  the  " Northern " consumes  9*4  per  cent,  more  than  the 
"  Draco." 

Comparing  two  other  engines  (^  smaller  size  than  the  above,  but  indi- 
cating nearly  the  same  power,  the  gain  is  still  more  marked.  The  "  Dynamo" 
with  tripl&«xpansion  engines,  whose  cylinders  are  17  inches,  27  inches,  and  48 
inches  diameter  and  27-inch  stroke,  supplied  with  steam  at  166  Ibe.  absolute 
pressure,  and  indicated  638  H.F.  The  "Bolama"  had  ordinary  compound 
engines,  whose  cylinders  were  24  inches  and  45  inches  diameter  and  33-inch 
stroke,  suppUed  with  steam  at  95  lbs.  absolute  pressure,  and  indicated  561 
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H.P.  The  coDsomptioii  of  water  of  tiie  "Bolama"  was  16-8  lbs.  per  I.H.P., 
uainst  13-0  lbs.  per  I.H.P.  of  the  "  Dynamo,"  or  29-2  per  cent,  in  faTour  of 
tue  triple-«xpBnaioQ  engine. 

It  is,  however,  needless  now  to  multiply  cases,  as  it  is  a  matter  of 
OOmmoQ  observation  that  the  saving  in  fuel  is  from  20  to  30  per  cent.,  and  it 
may  safely  be  taken  that  the  triple-expansion  engine,  using  steam  at  165  lbs. 
absolute  pressure,  uses  35  per  cent,  lees  fuel  thui  an  equally  good  ordinary 
compound  engine  of  equal  power  and  working  under  similar  circumstances, 
using  steam  at  100  lbs.  absolute  pressure^  That  the  variation  in  tempertiture 
in  each  cylinder  of  a  triple-expansion  engine  must  be  leas  than  in  each 
cylinder  oi  an  ordinary  compound  engine  irith  the  same  boiler  pressure,  is 
muiifest,  inasmuch  as  tliere  is  the  same  difference  between  the  initdal  and 
tenninal  temperatures,  and  in  the  one  case  tins  is  divided  into  three,  and 
only  into  two  in  the  other.  The  same,  however,  holds  good  when  the  boiler 
pressure  of  the  triple  is  165  lbs.  absolute,  and  that  of  the  ordinaiy  compound 
is  only  100  lbs.;  for  in  the  former  case  the  total  VariatioB  is  240°  F.,  which 
divided  by  3  gives  a  variation  in  each  cylinder  of  80°  F.,  and  in  the  latter 
ease  it  is  202°  F.,  which  divided  by  2  gives  a  variation  in  each  cylinder  of 
101*  F.,  or  26  per  cent  excess. 

On  examining  the  indicator  diagrams  of  tiie  "  ^Northern,"  it  is  found  that 
the  variation  of  temperature  in  the  high-pressure  cylinder  is  102°,  and  in  the 
low-pressure  100*  ;  while  the  diagrams  of  the  "Draco"  show  a  variation  of 
64*  in  the  high-,  68*  in  the  medium-,  and  66°  in  the  low-pressure  cylinder. 
Those  of  the  "  Kovno  "  show  a  variation  of  93'  in  the  high-,  and  100  in  the 
low-pressure  cylinder. 

Aa  the  three-crank  triple-expansion  engine  is  now  accepted  as  the  most 
ndtable  for  marine  practice  generally,  it  will  be  better  to  compare  it,  so  far 
as  practicBl  considerataona  are  concerned,  with  the  ordinary  compound,  and 
for  that  purpose  it  is  assumed  in  each  case  that  the  triple  is  supplied  with 
steam  of  150  lbs.  pressure  by  the  gauge,  or  166  lbs.  absolute,  unless  stated  to 
the  contrary.  Suppose,  now,  two  engines  are  to  be  taken  for  comparison — 
viz.,  a  triple-expansion  and  an  ordinary  compound — to  develop  equal  powers 
with  the  same  stroke  of  piston  and  same  diameter  of  low-pressure  cylinder. 
The  initial  pressure  in  the  one  case  is  to  be  100  lbs.  absolute,  and  in  tlie  other 
165  lbs.  absolute.  Let  the  number  14  represent  the  area  of  the  low-pressure 
piston  in  each  case ;  the  mean  pressure  reiferred  to  the  low-pressure  piston  be 
24,  and  the  efficiency  of  the  systems  equal,  so  far  as  expanding  the  steam  is 
concerned.  The  area  of  the  high-pressure  piston  may  then,  without  fear  of 
controversy,  be  taken  as  4  for  the  ordinary  compound,  and  2  for  the  triple, 
and  the  area  of  the  medium-pressure  piston  of  the  triple  ss  5.  If  tlie 
referred  mean  pressure  is  equally  divided  in  each  case  between  the  oylinderu, 
the  following  diows  tiie  relative  work  done,  viz. : — 

Obdhiki  CoMForm  Xnann.  l  Trifle-Ex  panbiok  Ekoiiib. 

ories  High-preuure  cylmder,     2x60     or  112 

□Ties  Medium  „  Gx  22-4 or  112 

I      Low  ,,  14  X    8     or  112 

That  is,  the  average  stress  on  the  rods,  columns,  guides,  4c.,  is  60  per  cent. 
more  with  the  ordinary  oompound  engine  than  with  triple-expansion. 

To  obtain  a  mean  pressure  of  24  lbs.,  with  an  initial  pressure  of  165  lbs. 
absolute,  and  a  pressure  in  the  condenser  of  2  lbs.,  the  rate  of  expansion  is 
14,  with  an  efficiency  of  0'6 ;  and  with  an  initial  pressure  of  100  lbs.  the  rate 
t£  expansion  is  7. 


i^OO' 
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On  WTttTTiining  diagnuus  taken  oudor  tiieflo  oiraaiastftnoM  from  actual 
engines,  the  following  is  to  be  observed : — 

InitJal  presauFS  in  the  faigh-pressiira  cylinder  of  the  compound  engine,  98 
lbs.]  back  presaora,  23  lbs.;  effective  initial  pressure,  75  lbs.  per  sqaareinoh; 
or  load  on  the  piston,  75  x  4,  cv  300.  In  t^e  low  pressure  the  initial  ores- 
sore  is  22  Iba.;  back  pressore,  4 ;  giving  an  effeotive  initial  preesare  <a  18 
lbs.  per  sqaare  inch ;  or  load  on  tiie  piston,  18  x  14,  or  262. 

The  initial  presanre  on  the  high-pressure  cylinder  of  tiie  biple-expansioa 
engine  is  160  Ids.;  back  pressure,  63  Ibe.;  efieotive  initial  preesure,  97  Ibe.;  or 
the  load  on  tlie  piston,  97  x  2,  or  194.  In  tlie  medium  pressure  the  initial 
pressure  is  70  lbs.;  and  the  back  pressure,  21  Ibs.^  effective  initial  pressure, 
49  lbs.;  or  the  load  on  the  piston,  49  x  5,  or  246.  In  the  Xotr  preesnre  the 
initial  pressure  is  18  lbs.;  and  the  back  pressure  4  Ibe.;  giving  an  effective 
initial  pressure  of  14  lbs.  per  square  inch ;  or  a  load  on  the  piston  of  14  x  14, 
or  196.  Thus  showing  the  loads  in  the  case  of  tbe  triple-expansion 
engine  to  be  much  less,  notwithstanding  the  higher  pressure  of  steam 
employed. 

This,  too,  is  shown  in  actual  practice  by  oomparing  the  initial  loads  on 
the  engine  of  the  s.b.  "Northern,"  whose  cylinders  are  26  inches  and  56 
inches  diameter  and  60^noh  stroke,  indicating  1243  H.F.,  and  supplied  with 
steam  at  130  lbs.  pressure  absolute,  with  those  <£  the  triple-ex^pansion  engine 
of  the  S.8.  "Ariel, '  whose  cylinders  are  33  inches,  35  inches,  and  60  indtea 
diameter  and  57-inoh  stroke,  indicating  1627  H.P.,  and  sni^Ued  vith  steam 
at  165  Ibe.  pressure  absolute. 

The  "Northern's"  higb-preasnre  |n8t<m  sustains  an  initial  load  of 
630  X  100,  or  63,000  Ibe.;  the  low-pressure,  2463  x  24,  or  69,112  lbs.  The 
"Ariel's"  high-pressure  piston  sustains  il5  x  100,  or  41,500  lbs.;  the 
medium-preasoTQ,  962  x  60,  or  67,720  lbs.;  and  the  low-pressure,  2827  x  1^ 
or  60,686  lbs. — notwithstanding  that  the  engines  are  larger  and  develop 
ne^v  25  per  cent  more  power  with  higher  boiler  pressure. 

l^e  more  even  distribution  of  pressure  also  very  materially  a^cts  the 
resiatanoe  of  the  slide-valves,  and  so  tends  in  every  way  to  reduce  the  loasee 
due  to  mechanical  causes. 

So  far,  experience  has  shown  that  the  wear  and  tear  of  the  triple- 
expangioa  engine  with  three  cranks  is  very  considerably  less  than  with  the 
ordinary  two-crank  oompound  engine  of  the  some  power  and  stroke^  and  no 
doubt  this  is  due  to  those  causes  already  shown  to  exist  with  this  olasi 
of  engine. 

The  three-crank  triple-expansion  engine  has,  however,  shown  another 
valuable  quahty,  and  one  which  may  easily  be  surmised  from  the  foregoiiu; 
reasoning — viz.,  that  a  much  higher  indicated  power  may  be  developed  wi^ 
a  low-pressure  cylinder,  equal  in  size  to  that  of  a  common  compound  engine, 
without  any  increase  in  the  initial  loads  on  the  pistons.  This  may  be  shown 
by  comparing  the  performance  of  the  engines  of  the  "  Eldorado,"  whose  cylin* 
i^rs  are  26  inches,  40  inches,  and  68  inches  diameter  and  39-inoh  stroke,  sup- 
plied with  st«am  at  166  lbs.  absolute  pressure,  with  that  of  the  engines  of  the 
"Juno,"  whose  cylinders  are  35  inches  and  69  inches  diameter  and  39-inch 
stroke,  supplied  with  steam  at  100  lbs.  absolute  pressure.  When  running  at 
72  revolutions,  the  "Eldorado's"  engines  develop  1572  I.H.P.,  and  the 
"Juno's"  1249  I.H.P.,  or  26  per  cent,  more  power  from  the  triple-expan- 
sion than  from  the  ordinary  compound,  and  that  with  a  low-pressure  cvlindar 
3  per  cent  smaller.    The  initial  loads  op  the  piatoivi  of  the  "  Eldorado  "  are 
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54,060  Iba.  66,668  Ibs^  Mid  61,727  lbs.,  u  against  69,261  lbs,  and  71,041  lbs. 
on  tiiose  of  the  "  Juno." 

Similar  results  can  be  shown  with  other  engines  at  Ttuioas  sisei ;  and  to 
extend  the  qneation,  it  may  be  taken  as  approximately  correct  that  a  referred 
mean  preesnre  may  be  used  in  a  triple-expansion  engine  CO  per  cent  bi^^er 
than  with  an  ordinary  compound  engine  without  any  serious  difference  in  the 
stresses  on  ^le  working  parts  and  frame-work.  It  is  for  this  reason  possible 
to  manufactoie  a  triple-expansion  engine  at  the  same  price  per  LH.F.  as  an 
ordinary  compound  engine ;  and,  also,  since  the  effidency  of  a  three-crank 
engine  is  higher  than  uiat  id  a  two-crank  engine,  the  economy  is  higher  than 
that  dae  to  the  saving  in  fuel  per  LH.P.  alone.  The  propelUng  efficiency  of 
the  thre&orank  engine  is  especially  noticeable  when  mnning  at  low  speeds, 
and  it  is  no  doubt  on  this  account  the  best  for  naval  pnrposee  where  so  much 
croising  is  done  at  comparatively  slow  speeds.  It  is  also  capable  of  being 
worked  at  much  fewer  revolutions  without  stopping  on  the  centres  than  a 
two-crank  engine,  which  is  highly  advantageons  in  navigating  intricate 
diannels  and  docks  and  during  a  fog,  as  steerage  power  is  kept  without 
much  "  way "  on  the  ship.  This  engine  is  also,  when  weU  oonstructed  and 
properly  adjusted,  aJnioat  noiseless,  and  causes  little  or  no  vibration, 
which  IS  an  advantage  in  every  ship,  bnt  espedaUy  in  yauhte  and  passenger 
steamers. 

Ueas  FresBure  In  a  Triple-Expanalon  Engine  is  from  0-6  to  0-7  ctf  that 
given  by  theoretical  calcolation,  and,  as  may  be  supposed,  depends  very  much 
on  the  port  areas,  valve  openings,  and  such  other  conditions  as  affect  ordinary 
engines.  At  the  high  ratea  of  expansion  usually  adopted,  when  economy  ot 
tael  is  of  first  importance,  there  ia  a  very  strong  tendency  to  oondenaation  in 
the  cylinders,  and  this  is  eepeciAlIy  noticeable  when  running  at  low  speeds. 
It  seems  from  present  experience  that  the  more  quickly  the  steam  is  caused 
to  pass  through  the  system  of  cylinders,  the  higher  its  effidency.  From  cal- 
culations made  from  indicator  diagrams,  it  is  seen  that  the  condensation, 
or  rather  partial  condensation,  from  the  high-pressure  to  the  low-pressure 
cylinder  amounts  to  3-2  lbs.  per  LH.F.  in  the  "  Bosorio"  at  62  revolutionB, 
is  2-3  lbs.  in  the  "Dynamo"  at  90  revolutions,  and  only  0-6  lb.  in  the 
"Mosquito"  at  102  revolutions;  again,  in  the  "Finland"  at  72  revolutions 
tiie  loss  is  2-3  lbs.,  whilst,  when  notched  up  and  running  at  67  revolutions,  it 
is  4-29  Iba.,  and  in  the  "  Electro  "  at  89  revolutions  it  is  2-63  lbs.,  but  at  72-0 
revolutions  it  is  as  much  as  6'8  lbs. ;  whilst  in  the  ordinary  compound  engines 
of  the  "Boloma,"  it  is  only  1-5  lbs.  at  82  revolutions,  and  2-1  lbs.  at  66-0 
revolntdons.  Had  the  cylinders  been  steam-jacketed,  the  loss  would  no  doubt 
have  been  leas;  and,  therefore,  all  slow-running  triple-expansion  engines 
ahonld  have  at  least  the  medium-pressure  cylinder  steam-jacketed,  or  use 
superheated  steam,  while  fast-running  engines  can  do  very  well  without  it. 

If  the  steam  ports  are  such  tiiat  the  flow  at  exhaust  does  not  exceed  6000 
feet  per  minute  for  moderate  siees  of  cylinders,  and  GOOO  for  small  sises,  and 
the  opening  to  steam  such  that  the  flow  is  not  more  than  60  per  cent,  in  excess 
of  these,  and  the  engines  are  to  be  run  at  a  fairly  high  speed,  the  actual  mean 
pressure  should  be  0-66  of  the  theoretical,  and  when  the  port  area  is  more 
Ihan  given  by  the  above  rules,  and  a  high  number  of  revolutions,  it  should  be 
0-7  <a  the  theoretical.  The  ordinary  mercantile  marine  engine,  as  generally 
designed,  aves  a  coefQdent  of  062  to  0-66,  while  some  are  «a  low  as  0-6. 

Example. — To  find  the  mean  pressures  expected  from  a  triple-expansion 
engine  having  good  ports,  and  to  be  worked  at  a  fairly  hi^  number  of 
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rsTolutions ;  the  boiler  praasare  is  160  Iba.  abs<diite,  and  the  prsssnre  in  the 
oondenser  2  lbs.,  the  total  rate  of  expandoD  being  12. 

Beferring  to  Table  ix.,  page  109,  the  coefBcaent  for  an  expansion  of  13 
is  0-2904;  hence. 

Theoretical  mean  pressore  ia  174  x  0-2904  -  2  or  48'5  Iba. 
The  actual  mean  pressure  is  48-5  x  0-66  or  32  lbs. 
Example. — To  find  the  site  of  cylinders  to  indicate  1200  horse-pover  under 
the  above  conditions  witli  a  piston  speed  of  600  feet  per  minute. 


32  X  600 

And  the  diameter  is  61^  inches. 

The  power  is  supposed  to  be  equally  divided  between  the  tbroe  cylinders, 
hence  the  mean  pressure  in  the  low  pressure  is  10-67  lbs. 

If  this  rate  of  expansion  is  to  be  ootained  with  a  cut-off  at  0-6  of  tiie  stroke 
in  the  high-pressure  cylinder,  tlien  the  area  of  high-pressure  piston 

**  rTR Hi  "  ^^^  square  inches,  and  the  diameter  19|  inches. 

The  ratio  of  the  low-  to  high-pressure  cylinder  is  here  7-2,  and,  therefore, 
the  mean  pressure  in  the  high-pressure  cylinder  ia  7-2  x  10'67,  or  76'8  lbs. 

The  size  of  the  medium-pressure  cylinder  is  a  subject  on  which  most 
engineers  seem  to  differ.  The  mean  size  is,  of  course,  obtained  by  dividing 
the  area  of  tlie  low-pressure  cylinder  by  the  square  root  of  Uie  ratio  between 
the  low  and  high.  So  that  in  this  case  the  area  of  the  medium-pressure 
pi.-rton 

—  -,  _  =  769  square  inohes,  and  diameter  31J  inches. 

From  practical  considerations  this  is  too  large,  as  the  ranges  of  tempera- 
ture will  be  unequal,  and  the  loads  unequal  also,  witji  such  proportions ; 
BO  ttiat  in  the  case  here  taken,  30  inches  would  be  quite  large  enough. 
Bnlea  for  SUea  of  Cylinders. — ^The  area  of  the  high-pressure  piston 
area  of  low-pressure  piston 
cutoff  in  H.F.  cylinder  x  rate  of  expansion 
Area  of  the  medium-pressure  piston 

area  of  low-pressure  piaton 
"  M  "    ^'retiorf  ir.P.  to  H.P.  cylinder 

In  general  practice  the  ratio  of  low-pressure  to  high-pressure  depends  on 
the  pressure  of  steam  supplied  and  the  service  of  the  engine.  In  the 
ordinary  mercantile  steamer  where  economy  in  fael  is  of  first  considera- 
tion, and  the  boiler  pressure  ia  150  to  165  lbs.,  the  ratio  is  6  to  6-6 ;  when 
the  pressure  is  170  to  200  lbs.,  the  ratio  is  7  to  8-0.  In  the  case  of  fast 
cross-channel  steamers,  warships,  and  others,  where  power  from  a  limited 
weight  of  machinery  is  of  great  importance,  the  ratios  will  be  4'5  to  6-6 
when  the  steam  pressure  is  160  to  165,  and  6  to  7-0  for  the  higher  pressures 
up  to  200  the.  In  fact,  in  warships  using  steam  from  220  to  250  lbs. 
pressure,  the  ratio  is  usually  7.  In  such  ships  the  ratio  of  low-pressure  to 
medium-pressure  cylinders  is  2-7.  In  the  mercantile  marine  Uie  ratio  ia 
often  about  the  square  root  of  the  ratio  of  low-pressure  to  high-pressure, 
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bat  this,  u  Blready  stated,  givw  »  cylinder  with  too  high  inili«l  loada;  » 
better  mze  is  given  by  making  the  ratio  —  l-I  x  V{ratio  of  L.P.  to  H.F.). 
Jn  qnadruple  engines  tbe  ratio  <rf  low-preosnre  to  high-presaure  cylinder  is 
amally  8 ;  the  duuneter  at  first  medinm-preasnre  is  h^  that  of  low-preasore 
cylinder,  and  the  diameter  at  aeoond  mediom-preosnre  ia  twice  that  of  tlie 
lugb-pressiire  {^linder. 

The  space  oooopied  by  the  triplfr«xpaamoQ  engine  was  one  (A  the  special 
and  ralid  objections  raised  against  it  by  its  detractors,  but  when  ofouly 
looked  into,  it  is  not  fonnd  to  be  by  any  means  a  vital  hindranoe.  The 
objection  cannot,  of  conrse,  be  raised  at  all  against  this  engine  when  used 
with  two  cranks,  but  only  when  three  are  employed. 

It  requires  tittle  or  no  argument  to  make  plain  what  is  at  first  sight 
obvions — viz.,  that  three  eranks  most  take  up  more  anace  in  the  direction  of 
the  axis  of  tbe  shaft  than  do  two ;  but  seeing  bow  often  in  a  cargo  boat  the 
engine-room  is  made  onnecesaarily  large  to  obtain  the  32  per  oent  reduction 
in  tonnage,  the  objection  in  this  case  is  without  veisht.  Even  when  this  is 
not  the  case,  and  ^e  engine-room  has  to  be  prolonged  to  suit  the  engine,  the 
arrangement  also  gives  apace  for  larger  engine-room  bankers,  and  ihoa 
permits  of  reduction  of  the  aUiwart  bunker,  if  it  does  not  allow  of  it*  total 
abolition.  Moreover,  since  the  reduction  in  consumption  of  fuel  is  from  20 
to  SO  per  oent.,  to  provide  for  the  sune  number  of  days'  steaming,  Hm 
bonkers  may  be  from  30  to  30  per  cent,  smaller ;  or,  with  the  same  amount 
cl  banker  space,  the  ship  cKi  ateam  from  20  to  30  per  cent,  longer,  which  is 
by  no  means  the  least  of  the  advantages  claimed  for  the  triple-expansion 
engine,  and  a  most  valuable  one  in  the  case  of  ships  ma.Hng  long  voyages. 
This  consideration  will,  donbtiess,  materially  affect  the  prosperity  ol  many  of 
the  foreign  coaling  stations,  to  the  material  advantage  of  the  shipowner  and, 
to  some  extent,  a  olessing  to  the  passenger. 

Again,  as  a  set-off  to  an  enlargement  of  the  engine,  the  saving  in  oon- 
somption  of  fuel  permite  of  a  oorresponding  reduction  in  the  sise  of,  and 
oonseqnenUy  the  space  occupied  by,  the  boilers. 

And,  finally,  since  it  is  possible  that  as  much  as  60  per  oent  more  power 
can  be  developed  with  the  triple-expansion  engine  than  with  the  ordinary 
compound  having  the  same  sise  of  low-pressure  cylinder ;  and,  as  very  gener- 
ally from  20  to  25  per  cent,  more  power  is  developed  for  equal  nominal 
horsfr-power,  an  engine  about  20  per  cent,  smaller  has  been  generally  adopted. 
This  is  easily  nnderstood  when  it  is  known  that,  with  a  good  triple-ezpan- 
non  engine,  a  referred  mean  pressure  of  33  to  40  lbs.  can  be  obtained  as 
against  26  lbs.  under  similar  drcumstanoea  with  an  ordinary  compound 
engine,  and  30  lbs.  agunst  22  lbs.  with  the  most  ordinary  description  d 
engines. 

To  meet  objectors,  some  engineers  went  so  tar  with  alteration  of  design 
as  to  run  a  very  great  risk  of  bringing  the  triplfrexpansion  engine  into  bad 
repute.  Beyond  doubt  it  is  of  much  more  importance  to  the  shipowner  to 
have  an  engine  which  works  with  little  wear  and  tear,  and  without  break- 
down and  damage,  than  to  secure  a  few  extra  feet  of  hold  space.  It  is, 
tiieref<»«,  much  to  be  deprecated  that  the  crank-pins  and  journals  of  these 
engiDeB  ^ould  be  so  shortened  as  to  require  constant  attention,  their  brasses 
being  almost  inaccessible.  It  is  true  that  this  type  of  eiwine  permits  of 
nnaJler  crank-pins,  owing  to  the  comparatively  small  initial  loads,  while  the 
Joomala  £or  the  same  resson  (and  because  of  the  superior  balance  of  the 
power)  may  also  be  shorter,  and  it  is  equally  true  that  it  is  folly  to  adhere 
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Uindly  to  rules  which  only  (ipp^y  to  the  two-cnuik  engine  when  designing  a 
thre&<TAnk  engine ;  nevertbeleBS,  on  the  other  h&nd,  it  mnot  not  be  ovw- 
looked  that  by  following  rules  baaed  only  on  working  considerations  and 
proportioned  to  nonnal  stresses,  an  engine  may  be  designed  which  is  so 
OTOwded  and  oonfined  as  to  render  that  attention  to  the  working  parts  which 
is  so  necessary  at  all  times  almost  an  impossibility.  In  other  words,  an 
engine  of  thia  sort  may  be  tlieoretioally,  or  rather  scientificaUy,  perfect,  but 
practically  bod. 

Experience  has  shown  that  a  triple-expansion  engine  may  be  designed 
with  ample  bearing  surfaces,  easy  (d  access,  and  even  with  valves  worked  by 
link  motion,  and  still  occupy  but  very  little  more  space  than  an  ordinary 
compound  engine  of  the  same  I.H.P.,  and  that  some  of  these  engines,  really 
^al^ing  ap  no  more  space  thui  the  old  type,  give  most  satisfactory  results. 

AirangBment  of  Cyllnden. — The  dif^rent  ways  in  which  tne  cylinders 
of  a  triple-expansion  engine  mav  be  arranged  are  very  nnmeroos.  The 
first  engine  of  the  kind,  deigned  hj  Mr.  Kn-k  for  the  s.b.  "  Fropontis,"  had 
(flinders  23  inches,  11  inches,  and  62  inches  diameter  by  42-iiioh  stroke, 
working  on  three  cranks.  These  engines  were  made  in  1874,  but  owing  to 
the  &ulare  of  the  boilers  were  set  down  generally  as  unsncceasfoL  It  was 
not  till  advances  in  the  manufacture  of  steel  ajid  a  better  knowledge  of 
boiler-making  had  enabled  engineers  to  oonstmct  boilers  oi  the  ordinary 

Slindrical  tubular  type  for  much  higher  pressures  than  had  hitherto  gener- 
y  obtained,  that  messrs.  Douglas  &  Qrant  could  venture  again,  in  1878,  to 
take  up  the  triple-expansion  engines  for  the  yacht  "Isa."  These  engines 
have  cylinders  10  inches,  16  inches,  and  26  inches  diameter  by  24-inch 
stroke,  supplied  with  steam  at  120  lbs.  pressure,  from  a  i^Iindrical  boiler 
8  feet  9  indies  diameter,  and  6  feet  6  in<^ea  long;  the  cylinders  were,  in  this 
case,  arranged  with  the  high-pressure  above  the  medium-pressure  operating 
on  one  crank,  and  the  low-pressure  operating  on  the  other.  In  the  year  1881 
Mr.  Eirk  ^ain  designed  a  thre&«rank  triple-expansion  engine  for  the  8.S. 
"Aberdeen,"  having  cylinders  30  inches,  45  inches,  and  TO  inches  diameter 
by  64-inoh  stroke;  the  steam  pressure  was,  however,  only  110  lbs.  per 
square  inch 

Taking  the  two-cruik  engine,  two  methods  are  of  course  very  obvious, 
and  are  £own  by  diagrams  Koe.  1  and  2  on  p.  99.  No.  1  is  the  arrange- 
ment of  the  s.s.  "  Isa,'  and  likewise  that  of  the  "  Draco  "  previously  spoken 
of.  It  is  a  simple  plan,  and,  of  course,  has  the  merit  of  taking  up  only  the 
same  apaoe  as  the  ordinary  compound  engine.  The  method  is,  however, 
open  to  the  objection  that  it  is  almost  impossible  to  divide  equally  the  power 
between  the  two  cranks,  and,  when  the  power  is  only  divided  as  2  to  3,  the 
initial  loads  are  comparatively  high.  This  and  the  method  shown  in 
diagram  No.  2  are  now  ohieflv  noticeable  as  a  cheap  and  convenient  way  of 
reoomponnding  old  compound  engines,  and  adapting  them  to  work  with 
steam  of  higher  pressures.  That  the  power  may  be  evenly  divided  between 
two  cranks,  two  high-pressure  cylinders  may  be  employed,  one  over  the 
medium-,  and  one  over  the  low-pressure  cylinder,  as  shown  on  diagram  No. 
3.  This,  too,  is  a  convenient  way  of  recompounding  old  engines,  especially 
when  of  lai^e  power,  where  the  disparity  of  loads  would  be  serious  if  plans 
No.  1  or  2  were  adopted. 

If  it  is  desired  to  have  only  two  cranks,  and  the  engines  am  of  power  so 
large  as  to  require  an  abnormally  large  low-pressure  cylinder,  then  plan  No. 
1,  p.   100,  may  be  adopted  with  advantage,  for  by  it  there  are  two  low* 
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pressore  cylinders,  with  the  high-pressure  cylinder  over  one^  and  the  meditim- 
over  the  other.  These  two  Utter  plans,  however,  hftve  the  disadvanhi^  of 
four  cylinders  as  against  tJbree,  with  the  corresponding  number  of  valves  and 
BtnfOng-boxes  to  absorb  power. 

Flui  No.  1,  p.  99,  uows  the  arrangement  of  oylindera  in  their  natural 
Bequence  for  a  thre&«rank  engine,  and  is  now  most  generally  adopted.  If  the 
v^ve-boxes  are  placed  at  the  firont  or  back  of  the  engines,  the  cylinders  may  be 
much  closer  together,  and  a  very  symmetrical  arrangement  is  got  by  placing 
tite  low-presBura  cylinder  in  the  middle,  while  a  little  less  space  still  is  occu- 
pied by  putting  toe  high-pressnre  cylinder  in  the  middle. 

Plan  No.  2,  p.  100,  is  an  arrangement  suitable  for  very  lai^  engines 
when  it  is  necessaiy  to  have  three  low-pressure  (flinders — in  this  case  over 
each  there  is  a  ^linder,  two  of  which  are  medium-pressores,  and  one  a  high- 
pressure,  and  for  simplicity  these  three  might  be  of  one  size. 

Plan  No.  6,  on  p.  99,  shows  another  arrangement  suitable  for  engines  of 
large  size,  and  also  oy  which  large  engines,  having  three  cranks  and  two  low- 
pressure  cylinders  may  be  recompounded,  and  still  have  the  power  equally 
divided  between  the  cranks.  This  is  done  by  placing  a  new  high-pressure 
cylinder  over  each  of  the  two  low-pressure  cylinders.  Another  obvious 
method  is  to  place  one  new  high-pressure  cylinder  over  the  original  high- 
pressure,  which  becomes  thus  converted  as  before  into  a  medium-pressure 
t^linder ;  in  this  case,  however,  the  power  would  be  unevenly  divided. 

Four-crank  engines  having  two  low-pressure  cylinders,  one  high-pressure 
and  one  medium-pressure  cylinder,  each  acting  on  its  own  crank,  are  now 
conunon  enough  (Nos.  3  and  4,  p.  100) ;  some  mode  so  on  account  of  size, 
and  others  in  onier  to  be  of  short  stroke  without  a  piston  of  too  large 
diameter  for  each  quick  running. 

Qnadruple -Expansion  En^ea. — These  engines  are  a  further  development 
c^  the  compound  principle,  whereby  steam  is  expanded  through  a  sequence 
of  four  cylmders.  The  amount  <rf  power  to  be  gained  by  using  steam  above 
ISO  lbs.  pressure  is  small  theoretically,  and  if,  in  practice,  from  the  losses 
which  inevitably  occur  from  leakage,  ikc,  there  is  every  reason  to  anticipate 
no  great  practical  gain.  Again,  if  to  use  these  higher  pressures  an  additional 
cylinder  is  required,  some  of  the  gain  will  be  absorbed  by  increase  of  friction, 
&C.  'No  doubt  an  engine,  constructed  on  plan  No.  1,  p.  102,  using  steam 
of,  say,  180  lbs.,  would  compare  favourably  with  one  on  plan  No.  3,  p.  99, 
using  steam  of,  say,  ISO  lbs.,  because  in  eadi  cose  there  are  four  cylinders  on 
two  cranks ;  but  ^iat  it  wonld  be  more  economical  than  oue  on  plan  No.  4, 
p.  99,  using  steam  at  160  lbs.  is  very  problematical.  Plan  No.  3,  on  p. 
100,  may  be  taken  aa  the  same  as  plan  No.  2,  on  p.  102,  so  far  as  size  of 
cylinders  is  concerned,  for  there  are  three  <7linder8  on  the  main  columns  of 
one  axo  and  having  over  each  a  cylinder  of  equal  siEe.  The  steam  enters  the 
first  of  these  smaSer  cylinders  and  exhansts  into  the  next  two ;  these,  in 
their  turn,  exhaust  into  the  middle  one  of  the  lai^r  cylinders,  which,  again, 
exhausts  into  the  other  two  larger  ones,  and  so  forms  a  quadmpl»expansion 
engine  with  only  two  sizee  of  i^linders. 

The  same  causes  that  operated  to  produce  the  triple-expansion  engine  have 
brought  out  the  quadruple.  There  was,  however,  me  suspicion  of  an  addi- 
tiomu  cause  in  this  case  from  the  fact  that  it  was  first  adopted  by  those 
engineers  who  were  slow  to  accept  the  triple  engine  as  a  solution  of  the  exist- 
ing engineering  difficulties ;  these  having  been  late  in  the  field  compensated 
themselves  by  adopting  the  more  advanced  plan.     It  cannot,  however,  be 
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claimed,  apart  from  space  occnpied,  that  ihe  two-crank  quadruple  is  bo  good 
an  engine  from  the  mechanical  point  of  view  as  the  three-crank  triple ;  and 
although  it  is  claimed  that  ihie  form  of  quadruple  consumes  less  eoal  per 
I.H-P-  per  hoar  than  a  corresponding  triple  engine  with  three  cranks,  it  is 
very  doabtfol  if  its  mechanical  efficiency  is  so  high,  or  the  consumption  per 
Toyage  in  similar  ships  is  materially  leas.  Fot  tie  same  power  the  low- 
pressure  cyhnder  of  each  engine  wilt  be  practically  the  same  size,  especially 
if  economy  of  fuel  is  to  enter  into  consideration.  The  four^  cylinder 
with  its  piston,  valves,  ice,  will  cause  a  distinct  addition  to  the  resistance  of 
the  engioe  and  a  consequent  loss  of  useful  work.  The  objections  to  increased 
boiler  pressore  hold  good  in  this  as  in  other  cases,  so  that  losses  in  practice 
are  likely  to  arise  from  it.  On  the  other  hand,  large  increases  in  boiler  pres- 
sure are  not  advisable  with  a  briple  engine,  and  as  with  the  water-tnbe  boiler 
very  great  increase  in  boiler  pressure  is  now  possible  without  any  serious 
risks,  the  quadruple  engine  may  to  a  large  extent  take  the  place  of  the  triple 
engine,  just  aa  the  triple  did  of  the  compound  engine,  especially  in  the 
better  form  of  a  three-crank  or  four-crank  engine. 

The  two-crank  quadruple  was  an  obvious  arrangement  of  the  type  at  the 
outset,  and  it  is  still  obviously  commendable  for  quadrupling  the  old  ordinary 
compound  engines.  It  had,  however,  in  addition  to  the  objections  above 
moniaoned,  that  appertaining  to  the  four-cylinder  ordinary  compound — viz., 
want  ot  accessihility  to  the  pistons  of  the  lower  cylinders  and  extra  cost  of 
examining,  oveibauling,  and  repairing  the  engines.  The  next  arrangement 
to  suggest  itaell  would  be  the  addition  of  a  cylinder  to  a  three-crank  triple 
expuudon  engine,  placing  it  above  the  original  high  pressure.  This,  too, 
however,  is  tainted  with  the  same  fault.  Hence  to  obtain  the  most  satisfao- 
tory  quadruple  it  is  better  to  face  at  once  all  the  difficulties  and  employ  four 
cranks,  having  a  cylinder  to  each ;  with  this  arrangement  the  engine  can  be 
well  balanced  by  placing  the  first  and  second  cranks  opposite  to  one  another, 
the  second  and  third  cranks  at  right  angles  to  one  another,  and  the  third  and 
fonrth  cranks  opposite  to  one  another.  When  this  is  done  one  set  of  link 
motdon  is  sufficient  for  the  first  two  cylinders  and  another  set  for  the  second 
two  cylinders. 

When,  however,  the  engines  are  so  large  as  to  require  two  low-pressure 
cylinders,  it  is  tiiem  bett«r  to  have  two  high-pressure  cylinders,  not  only  as 
the  engine  is  thereby  better  balanced  but  difficulties  of  construction,  owing  to 
tbe  la^e  size  of  the  cylinders,  and  the  high  pressure  of  the  steam  are  avoided. 
When  this  plan  is  adopted  the  most  symmetrical  design  is  obtained  by  putting 
the  two  low-pressures  side  by  side  wiUi  the  two  high-pressures  above  them,  first 
medium  pressure  on  the  fore  side  of  the  low'pressure  cylinders,  and  the  second 
medium  pressure  on  the  after  aide.  It  is  then  easy  to  divide  the  work  evenly 
between  the  four  cranks.     Mr.  Mudd,  however,  preferred  to  have  five  cranks. 

The  consumption  of  fuel  with  a  good  qnodruple-expuision  engine  with  a 
boiler  pressure  of  200  lbs.  per  square  inch  should  not  exceed  1^  lbs.  of  Welsh 
coal  per  I.H.P.  per  hour.  Even  better  results  than  this  are  stated  to  have 
been  obtained  in  practice,  but  seeing  that  the  water  consumption  as  measured 
by  the  indicator  cards  of  these  engines  has  been  nearly  12  lbs.  per  I.H.P.  per 
honr,  the  coal  consumption  is  likely  to  have  been  higher  than  above  named. 
Table  viiL  gives  the  water  consnmption  of  various  triple  and  quadruple 
engines,  by  which  it  will  be  seen  that  the  saving  of  the  latter  over  the  former 
is  about  7'7  per  cent.  It  must  not,  however,  be  supposed  that  tiie  percentage 
of  I.H.P.  usefully  employed  is  the  same  in  all  these  engines. 
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Cy!inden  u  found  tn  Aotnal  Pnettoe. — (a)  For  compound  enginu  whose 
power  does  not  demand  a  low-pressure  OTlinder  of  such  dimensions  m  are  in- 
oonvenient,  or  beyond  the  capabilities  of  manufacture,  and  when  the  rate  of 
expansion  is  not  such  as  to  demand  special  arrangements,  two  cylinders 
may  be  nsed.  In  actual  practice  it  is  not  usnal  to  make  cylinders  over 
lUU  inchea  in  diameter,  and  many  engineers  prefer  to  limit  the  size  to  90 
inches,  alUiongh  engines  hare  been  made  wiUi  cylinders  over  120  inches. 
The  late  of  expcmsion  may  be  taken  at  one-tenth  of  the  boiler  pressure  {or 
about  one-twelfui  the  abioluie  pressure),  to  work  eoonomioally  at  full  speed. 
Therefore,  when  the  diameter  of  Ihs  low-pressure  cylinder  does  not  exceed 
100  inches,  and  the  boiler  pressure  70  lbs.,  t^  ratio  of  the  low-pressure  to 
tiie  high-pressure  cylinder  should  be  3-5 ;  for  a  boiler  pressure  of  60  lbs., 
3-75 ;  for  90  lbs.,  4-0 ;  for  100  lbs.,  4-6.  If  these  proportions  are  adhered  to, 
there  will  be  do  need  of  an  expansion-valve  to  either  cylinder.  If,  however, 
to  avoid  "  drop  "  the  ratio  be  reduced,  an  expansion-valve  should  be  fitted  to 
the  hidi-pressure  cylinder. 

Where  economy  of  fuel  is  not  of  first  importance,  but  rather  a  large 
pow«r,  the  ratio  of  cylinder  capacities  may,  with  advantage,  be  decreased,  so 
that  with  a  boiler  pressure  of  iOO  lbs.  it  may  be  3-76  to  4. 

(b)  The  two-cylinder  compound  engine  having  direct  expansion  in  its 
most  perfect  form,  is  arranged  with  ttie  cylinders  side-by-side,  and  each 
piston  operating  on  an  independent  crank  opposite  the  other.  The  ratio  of 
the  cylinders  has  been  generally  smaller  in  this  case  than  that  given  abov& 
When  the  cylinders  are  placed  one  above  the  other,  as  in  the  single-crank 
engine,  there  is  no  neettniy  to  divide  the  work  equally,  although  it  is  better 
to  do  BO  generally ;  the  chief  difficulty  in  the  way  of  effecting  ttiis  by  means 
of  the  cut-of^  arises  from  the  fact  that  both  valves  are  usually  worked  by  the 
aame  eccentrics  and  gear,  and  the  cut-off  must  be  practiodly  the  same  in 
both.  Hence,  if  any  variation  in  the  division  of  the  work  is  required,  it 
must  be  done  by  means  of  a  separate  expansion-valve  on  the  high-pressure 
cylinder,  or  by  the  ratio  of  the  cylinders.  From  practical  considerations  the 
ratio  is  generally  4 ;  but  when  Uie  steam  pressure  exceeds  90  lbs.  absolute, 
it  is  better  to  be  4-5 ;  and  for  100  lbs.,  5-0. 

(e)  When  the  power  requires  that  the  low-pressure  cylinder  shall  be 
mare  than  100  inches  diameter,  the  three-cylinder  engine  with  two  low- 
pressure  cylinders,  or  the  doable  "  tandem  "  engine,  having  two  low-pressure 
and  two  tugh-pressore  cylinders,  should  be  adopted.  In  the  latter  case,  the 
same  proportions  as  given  for  a  single-crank  engine  will  be  observed.  In  the 
former  case,  the  ratio  of  the  combined  capacity  of  the  two  low-pressure 

S'nders  to  that  of  the  high-pressure  may  be 3  0  for  steam  pressure  tS.  85 
absolute,  for  96  lbs.  absolute  3-6,  and  for  105  lbs.  absolute  3-8,  and  for 
116  Ibe.  absolute  4  for  naval  engines  and  a  ratio  of  8  per  cent,  larger  iat 
mCTcantile  ones. 

(tTf  When  the  pressure  of  steaon  employed  exceeds  115  lbs.  absolute  it  ia 
advisable  to  employ  three  cylinders,  through  each  of  which  the  steam  expands 
in  turn.    The  ratio  of  the  low-pressure  to  high-pressure  cylinder  in  this 

rbem  ihould  be  5,  when  the  steain  pressure  is  165  lbs.  absolute;  when  165 
absolute,  5-4;  when  176  lbs.  absolute,  5-8;  when  186  lbs.  absolute,  6-2; 
when  195  lbs.  absolute,  6-6;  when  205  lbs.  absolute,  70;  when  216  lbs. 
absolute,  7-4;  and  when  225  lbs.  absolute,  7-8.  In  naval  and  short 
voyage  express  steamers,  the  ratios  may  be  decreased  so  that  7-8  will 
be  i^t  for  240  absolute,  and  5  for  170  lbs.  absolute,  &c    The  intro- 
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duction  of  the  triple-compound  engine  haa  admitted  of  ships  being  pro- 
pelled at  higher  rates  of  speed  than  formerly  obtained  without  exceeding 
the  consumption  of  fuel  of  Bimilar  ships  fitted  with  ordinary  compound 
engines ;  in  audi  cases  the  higher  power  to  obtain  ttie  speed  has  been 
developed  by  decreasing  the  rate  of  expansion,  the  low-pressure  ^linder 
being  only  6-2  times  &e  capacity  of  the  high-pressure,  with  a  working 
pressure  of  20U  lbs.  absolute.  It  is  now  a  very  general  and  convenient 
practice  to  proportioa  the  cylinders  so  as  to  make  the  diameter  of  the 
low-pressore  cylinder  equal  to  the  sum  of  the  diameters  erf  the  high- 
pressure  and  medium-pressure  cylinders ;  hence — 

Diameter  of  M.P.  cylinder  =  1*6  diameter  of  H.P.  cylinder. 

Diameter  of  L.P,  cylinder  —  25  diameter  of  H.P,  cylinder. 

In  this  case  the  ratio  of  L.F.  to  H.P.  is  6-26 ;  the  ratio  of  M.P.  to  H.P.  is 
2-25 ;  and  ratio  of  L.P.  to  M.P.  is  2-7& 

(e)  When  the  pressure  of  steam  employed  exceeds  190  lbs.  absolute,  four 
cylinders  should  be  employed  with  the  steam  expanding  throu^  each 
successively  ;  this  system  is  the  quadruple-compound,  and  the  ratio  of  L.P. 
to  H.P.  should  be  at  least  7-5,  and  if  economy  of  fuel  is  of  prime  oonsiden- 
tion,  it  should  be  6 ;  then  the  ratio  of  first  M.P.  to  H.P.  should  be  1-6,  that 
of  second  M.P.  to  first  M.P.  2,  and  that  of  L.P.  to  second  MP.  2-2. 

Turbo-Motors. — The  success  obtained  by  the  Hon.  Charles  Parsons  with 
his  patent  turbo-motors  on  board  ship,  notably  in  the  cases  of  the  screw 
steamers  "King  Edward"  and  "Queen  Alexandra"  and  H.M.8.  "Viper," 
turned  the  attention  of  marine  engineers  to  this  form ;  since  then  a  con- 
siderable number  of  cross-channel  steamers  have  been  fitted  with  them. 
The  trials  of  H.M.S.  "Amethyst,"  14,000  I.H.P.,  were  considered  so  satis- 
factory that  the  Admiralty  have  adopted  this  propeller  for  all  classes  of 
ships.  Notwithstanding  that  all  that  is  said  of  them  by  their  supporters 
may  not  be  accepted  without  question  by  engineers  generally,  it  must  be 
admitted  by  all  that  these  motors  possess  some  distinct  advantages  over  the 
ordinary  engine,  especially  in  economy  of  space  vertically  and  minimising  of 
the  attention  of  the  attendants  so  as  to  render  them  very  acceptable  for 
particular  service,  and,  no  doubt,  with  the  improvemente  that  are  bound  to 
follow  their  use  on  ship  board,  they  must  become  there,  in  course  of  time, 
formidable  competiters  of  the  ordinary  steam  engine.  At  present  the  very 
high  speed  of  revolution  necessary  to  obtain  the  maximum  efficiency,  and 
the  inability  to  reverse  by  themselves  without  extraneous  help,  seriously 
handicaps  their  general  use  for  marine  propulsion. 

Great  credit  and  praise  is  due  to  Mr.  Parsons  for  the  persistent  way  in 
which  he  has  developed  his  original  ideas,  overcome  difficult  after  difficulty, 
generally  by  most  ingenions  methods,  and  brought  his  machine  to  such  a 
state  of  perfection  as  to  permit  of  its  employment  in  a  service  where  con- 
tinuity of  use  and  freedom  from  risk  of  breakdown  are  absolutely  neoessary. 

The  first  steam  engine  ever  made  (Hero's)  was  a  rotatory  one,  and 
although  differing  from  Parsons,  it  was  designed  on  a  most  important 
principle  common  to  both — viz.,  the  obtaining  of  a  rotatory  motion  direct 
without  the  interposition  of  cylinders,  cranks,  rods,  &c.  For  more  than  a 
century  attempts  have  been  made  by  almost  every  eminent  engineer  to 
perfect  a  rotatory  engine  of  some  kind,  most  of  which  have  shown  consider- 
able ingenuity,  as  also  a  singular  blindness  to  some  of  the  first  principles  of 
practical  engineering.     They  have  also  nearly  always  involved  moving  parts 
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irhich,  sooner  or  later,  must  have  become  worn  and  out  of  order  with  a 
conseqaent  decrease  in  efficiency  proceeding  at  a  geometrical  rate  of  pro- 
gression. Other  attempts  on  lines  somewhat  similar  to  those  of  Mr.  Parsons 
have  been  made  from  time  to  time,  bnt  at  present  the  chief  competitors  in 
the  field  are  the  De  lAval  (fig.  24),  manufactured  in  this  country  by  Messrs. 
Greenwood  A  Batley;  the  Bateau,  invented  hy  the  French  professor  of  that 
name;  the  Cnrtis,  of  American  origin;  and  tiie  Sohultz,  made  in  Germany.* 


'  Fig.  24.— De  Laval  Turbo-Motor. 

i 


Big.  244.— Psrsoua'  Turbo-Motor  (I^nillel  Flow).     BlamentAl  Form. 

Fig.  24a  shows  a  Eastern  of  compounding  of  the  De  IatsJ  motor,  whereby 
tiie  ezpansi<m  td  the  steam,  instead  of  being  by  means  of  one  set  of  noaclea, 
*  Vid«  TiM  Thtorf  <tf  lie  SUam  Turbint,  hy  A.  Jodo.    QriffiD  k  Co.,  Lt4. 
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as  shown  in  fig.  24,  is  partly  through  one  set  and  continiied  in  a  second  set 
as  shown.  In  tiiis  way  the  rate  of  revolution  is  reduced,  and  possibly  a 
higher  rate  of  efficiency  obtained.     The  Cartis  tarbine  b  on  this  principle. 

Fig.  2ib  shows  tiM  arrangement  of  the  vanes  in  a  parallel  flow  in  Parsons' 
turbo-motor.  It  consists  of  a  series  of  discs  keyed  to  one  shaft,  and  having 
fitted  in  tlieir  edges  vanes  formed  as  shown.  Theee  discs  revolve  in  a 
obamber  liaviiw  collars  projecting  inwards  and  carrying  similar  vanes  to 
those  OQ  the  <0so8,  bat  set  roogUy  at  right  angles  to  tiiose  on  the  discs. 
Each  disc  has,  therefore,  in  front  of  it  a  set  of  vanes  fixed  and  arranged  to 
guide  tiie  steam  so  that  its  flow  is  normal  to  the  disc  vanes.  In  Mr.  Parsons' 
original  motors  these  vanes  were  flat — that  is,  straight  in  section — ^but  now 
tiiey  are  curved  as  shown  in  fig.  2ib,  so  that  the  steam  enters  axially,  and 
is  gently  diverted  so  as  to  pass  normally  to  the  entering  edge  of  tiie  vanea 
on  tiie  first  disc,  which  are  also  ourved  so  as  to  receive  the  steam  sqnardy 
and  deliver  it  at  exhaost  in  an  easy  trail,  to  be  canght  by  the  next  set  ci 
fixed  vanes  and  diverted  to  those  of  the  second  disi^  and  so  on.  Mr.  Parsons 
has  compounded  his  motors  by  fitting  a  second  chamber  with  discs,  Jcc,  of 
larger  diameter  thui  those  in  what  may  be  termed  the  high-preeeui«  motor, 
and  thereto  obtained  a  farther  expansion  from  the  steam  before  entering  the 
condenser. 

There  is,  of  course,  no  Umit  to  this  system,  as  by  extending  in  this  way 
a  quadruple^  quintuple^  or  sextuple  motor  can  easily  be  designed'*' 

The  ingeuioos  way  in  which  Mr.  Parsons  gets  over  the  end-thrust, 
vibration,  general  balancing,  Ac,  need  not  be  gone  into  here,  but  it  may 
be  stated  that  reversing  in  ^e  case  of  the  above  ships  is  obtained  by  fitting 
a  shorter  turbo-motor  in  the  rear  of  the  low-pressure  (when  compounded) 
headgoing  motors,  tiia  vanes  c^  this  motor  being,  of  coarse,  reversed  in 
direction ;  the  propellers  are,  of  course,  reversed  by  ateam  being  shut  off 
from  the  headgoing  portion  and  turned  on  to  the  stemgoing.  In  the  ordinary 
ships  there  are  three  propellers  on  three  separate  ^lafts,  all  of  whioh  are 
worked  by  a  compound  set  of  tarbo-motors;  and  in  the  case  of  some  of  H.M. 
ships  the  middle  propeller  is  worked  by  an  ordinary  triple-compound  recipro- 
cating engine,  which  may  not  only  lie  used  for  the  stemgoing  work,  out 
likewise  ^r  oraising  speeds,  as  at  present  the  Parsons  motor  loses  its 
efficient^  very  consiaerably  with  the  decrease  in  power  developed,  so  that 
when  running  slow  it  is  very  uneconomical  In  ships  of  large  size  and  high 
power,  such  as  the  largest  erf  the  Cunard  steamers,  there  are  four  propellers 
OD  four  shafts. 


CHAPTER  VI. 

BXPAirstoir  or  steam,  mcam  prbssdrb,  kk. 

Taa  diameter  of  the  steam  cylinder  depends  on  the  piston  speed  and  mean 
pleasure  permissible  in  obtaining  the  required  I.H.P. 

The  Mean  PreBBUra  depends  on  the  iniUal  pressure  of  the  steam  and  the 
rate  of  expansion  observed  in  working,  and  may  be  calculated  from  data 
given  in  Table  ix. 

In  Table  ix.  ;>j  is  the  abiolute  initial  preaawre ;  p^  the  absolute  mean 

n;  r  the  rate  of  expansion;  —the  out-off.     The  calculations  are  based 
*  7mU  Appendix  N.  t_. 
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on  the  BOppoaitaon  tbftt  the  Bt«ftm  is  mochnUdi/  mout,  uid  expands  in  aooord- 
anoe  with  Boyle  &  Marriott's  law  (|> «  -  oonstant),  so  tbat  the  pressnre 
varies  iiiTeraely  with  the  ▼olnme. 
Then, 

_,  1  +  hyp.  log  r. 

The  mean  presanre  —  P| ^-^ — =— 

The  hyperbolio  logarithm  of  a  namber  may  be  found  by  multiplying  the 
onnmon  logaritiun  ctf  that  number  by  2-302585. 

.a 


The  terminal  pressure  - 


a  preamre  to  tenninal  pressure  i 


(1)  Batioot 
(3)  Batio  of 

(3)  Batio  of  maTJmumpressure  to  mean  pressure  --^< 
TABLE  IX. — Stiaii  ui«d  Bxpafbitilt. 


Pi 
.£1. 

rp-* 


1. 

a^ 

.&. 

Jl 

Jts 

ff« 

' 

r\ 

•»- 

M 

Pi 

20 

0-060 

4-00 

0-260 

6-00 

0-1908 

0188 

IS 

0-OSS 

S-80 

0-206 

4-63 

0^161 

16 

0-082 

3-77 

0-266 

4-24 

0-2368 

IS 

0-086 

8-71 

0-280 

4-06 

0-2472 

H 

0-071 

8-64 

0-276 

3-80 

0-2609 

is-» 

0-076 

3-69 

0-279 

879 

0-2690 

0^ 

la 

0-077 

3-08 

0-280 

8-65 

0-2742 

12 

0-083 

8-48 

0-2S7 

8-44 

0-2904 

11 

0-001 

8-40 

0-204 

8-24 

0-30S9 

10 

0-100 

8-30 

0-308 

8-08 

O-S.t03 

0-814 

9 

0111 

3-20 

0-818 

8-81 

0-8002 

8 

0125 

8-08 

0-321 

2-60 

0-3840 

0-870 

7 

0-143 

9-06 

0-SSO 

S'37 

0-4210 

e-68 

O'lSO 

2-90 

0-846 

24Q 

0-4347 

0-417 

6-00 

0166 

2-7S 

0-880 

216 

0-4668 

B-71 

0-176 

2-74 

0-364 

2-08 

0-4807 

6-00 

o-soo 

8-61 

0-383 

1-99 

0-6218 

0008 

4-44 

0-226 

2-60 

0-400 

178 

0-6608 

4-00 

0-2M 

2-8B 

0-419 

1-68 

0-6966 

0-682 

S-68 

0-275 

829 

0-437 

1-68 

0-6303 

»-38 

0-300 

2-SO 

0-404 

1-Sl 

0-6616 

0-648 

8-00 

0-388 

8-10 

0-476 

1-48 

0-8993 

S-86 

0-830 

2-00 

0-488 

I -39 

07171 

0-707 

9-68 

0-376 

1-98 

0-606 

1-84 

07440 

s-m 

0-400 

1-91 

0-623 

1-81 

0-7884 

0-706 

2-28 

0-400 

1-80 

0006 

1-24 

0-8096 

0-800 

S-00 

0-600 

1-80 

0091 

1-18 

0-8480 

0-S40 

1-83 

OOfiO 

1-80 

0-626 

1-14 

0-8788 

0-874 

1-66 

0-flOO 

1-61 

0-682 

1-10 

0-0066 

O-9O0 

1-60 

0-62S 

1-47 

0-680 

1-09 

0-9187 

1-54 

0-660 

1-43 

0«99 

1-07 

0-9298 

0-928 

1'48 

0-876 

I'SO 

0718 

1-06 

0-0406 
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When  Bteam  expands  in  accordance  witli  the  law  pv  m  constant,  Hie 
curve  drawn  through  the  extremities  of  ordin&tes  representiiiff  the  pressure 
at  an;  position  of  the  piston  is  a  hyperbola.  The  mean  height  ta  such  » 
system  (a  ordinates  is  found  by  the  formula  given  above ;  this  mean  height 
will  represent  the  mean  pressure. 

The  mean  pressure  may  be  obtained  without  the  aid  of  logarithms,  by 
resorting  to  arithmetical  calculation  of  the  oidinat«s,  and  finding  the  mean 
by  the  metLod  explained  in  Chapter  ii. 

Bxample. — Initial  pressure  80  lbs.,  rate  of  expansion  5.  Snppoee  the 
length  of  stroke  divided  into  ten  equal  parts  by  points  1,  2,  3,  .  .  .  9, 
10.    The  cut-off  is  )>  or  two-tenths  the  stroke. 


The  pressure  at  oonunenoe  of  stroke  is 
1  tenth 


80  lbs. 


for  RO  lbs. 


2 

SO 

3 

" 

of  80  or  53-33 

4 

" 

4000 

S 

" 

32-00 

6 

" 

26-66 

7 

" 

22-86 

8 

2000 

» 

]_ 

17-78 

10 

>. 

m      II 

16O0 

+  80  +  80  +  63-33  +  40  +  32  +  2666  +  22-86  + 

=  42063  lbs. 

Table  IX.,  for  the  n. 

«  of  expaosioD 

».^  = 

t- 17-78) 


0-6218,  and 


_  _  =  41-744  lbs.,  or  about  |  per  cent  less  than  that  given 
by  the  sommation  above,  the  excess  of  which  is  due  to  tbe  small  number  of 
points  of  observed  pressure. 

Oraphlo  Method— Professor  Bankine  has  given*  a  geometric  method  of 
ascertaining  the  mean  pressure,  which  is  of  interest  and  value,  and  which 
first  appeared  in  the  Engitieer.     Draw  a  straight  line,  A  B,  of  de&iite  length. 


produce  it  to  A  0,  so  that  A  0  =■  - 


Throng 


A  draw  A  D  at  right  angles  to  C  A  B.    WithOaa 
centre,  and  C  B  as  radius,  draw  the  arc  of  a  otide, 

cutting  A  D  at  D.    Then  if  ^r^  ^  ^^  >^'^  <^  ^^' 

p        E  F 
expansion^  =  j^. 

To  suit  tlhis  diagram  for  actual  use,  A  B  should 

be  taken  of  such  a  length  as  is  convenient  for  scale 

^8-  25.  measurement,  say  4  indies  ;  A  D  should  be  divided 

into  ten  parts  and  subdivided  into  quarters;   through  the  divisions  faint 

lines  should  be  drawn  parallel  to  A  B.     Scales  should  be  constructed  4  inches 

long,  suitable  for  t^e  usual  pressures  coming  under  consideration. 

The  object  of  columns  3,  4,  in  Table  ix.,  is  that  mean  pressure  and  initial 
pressure  may  be  easily  determined  from  terminal  pressures,  when  the  rate  of 
*  Haokine,  Jtuiei  and  Tdbia,  p.  291 

■IC 
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expanaiou  is  known ;  or  when  initial  and  mean  pressures  are  known,  the  rate 
fjl  expansion  may  be  found.  Column  6  is  given  to  show  the  relation  between 
wi*Timniii  and  mean  pressures  at  the  Taxious  rates  of  expansion. 

Dry  Steam. — When  steam  is  dried  by  superheating,  so  that  it  is  sur- 
charged with  heat,  and  is  capable  of  very  considerable  expansion  without 
liquefoction  taking  place,  it  expands  according  to  the  law  of  perfect  gases, 
and  tiken 

Pi"  *■ 

r~"  may  be  found  by  extracting  the  square  root  of  —  four  times. 


('-'■=  VVVVf) 


Colamn  6  gives  ttie  value  of  —  as  calculated  from  the  above  fonnula  by  the 

late  FrofesBor  Banktne.  It  will  be  seen  that,  except  at  very  hi^  rates  of 
expansioD,  there  is  no  very  great  difference  between  the  ratio  aa  calculated 
by  this  method  and  by  the  method  for  moderately  moist  steam. 

Cleaianoe. — In  practice  the  mean  pressure  in  the  cylinder  is  very  materi- 
ally affected  by  what  is  called  eUarantx.  However  accurately  the  engine  is 
constructed,  there  is  always  a  commencement  of  the  stroke  a  space  between 
the  piston  and  cutoff  valve,  made  up  of  the  port  of  the  cylinder  between 
the  piston  and  the  cover  or  cvlinder  end,  and  the  passage  between  vtdve  face 
and  cylinder ;  tiiia  is  called  the  dearo'nce.  Supposing  this  space  is  equal  to 
one-tentii  of  the  capacity  of  the  cylinder,  and  the  cut-off  is  at  two-tenths  t^e 
stroke,  the  effective  cut-off  is  not  two-tenths,  but  something  more,  due  to  the 
fact  that  the  expansion  of  a  volume  of  steam  equalling  throe-tenths  the 
capacity  of  cylinder  is  being  effected,  instead  of  that  of  a  volome  of  two- 
tenths.  This  practically  amounts  to  making  the  cylinder  10  per  cent,  longer, 
and  catting  off  at  three-tenths  the  stroke  without  clearance.  It  is,  there- 
fore, customary  to  speak  of  the  clearance  as  amounting  to  such  a  proportion 
of  the  stroke. 

To  allow  for  the  effect  which  the  eiKwance  will  have  when  steam  expands 
in  a  CTlinder,  let  r  be  the  nominal  rate  of  expansion  as  before,  and  r,  be  the 
aetxuU  rate  allowing  for  clearance,  e  the  clearance  as  a  fraction  of  the  cylinder 
capacity.    Then 

—  =  -1 and  r.  —r ; -        -        -        (A) 

r^      \+o  *  1-hcr  ^' 

~  +  0  being  the  volume  of  steam  at  cut-off  between  the  piston  and  the  cut-off 

valve,  and  which  expands  to  the  volume  1  +  c  at  the  end  of  the  stroke.  If 
there  is  no  cushioning  of  the  steam  before  admission,  then  the  whole  of  the 

space  -  *  e  must  be  filled  at  each  stroke  with  fresh  steam. 

Then  the  real  mean  absoliUe  presiure  will  be 

p:  -  -^(p.  -  P'.)    ■     -     ■    -     (B) 

p'   is  the  mean  pressure  obtained  by  means  of  Table  IX.,  the  aettial  rate  ot 
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expulsion  being  taken,  and  p,  ia  tiie  absolnto  initial  preeanra.  I^  however, 
there  is  sufficifint  cuahjoning  to  fill  the  cleonnce  space  viih  steam  at  the 
initial  preesure,  the  volnme  of  steam  osed  at  eaoh  atzoke  will  be  only  tliat 

awept  b;  the  piston  at  cntoflF  and  equal  to  —  . 

CompraHion  or  CashioDing. — ^There  will  be  an  inorease  of  back  measure 
oaosed  by  this  cnshioning,  and  its  effect  on  the  mean  preesure  is  as  follows  : — > 

Let  p'.  be  the  mean  abaolnte  presanre  dne  to  the  effeetivt  ent-off  —  ;  f>g  the 

abaolnte  back  preeanre ;  a  the  olearance ;  and  p^  t^e  abaokite  initial  pressure 


Fig.  26  ia  t^e  indicator-diagram  of  an  engine  working  nnder  t^ese  oondi- 
tions.     A  B  is  the  stroke,  A  C  tiie  olearanoe,  E  F  the  nominal  ciit<^,  and 

D  F  the  efiecttTe.      The  aotnal  rate  of  expansion  is  therefore  -fys  ■     ^  ^ 

repreaenta  the  initial  preaanre  and  H  E  the  back  pressure.     Cnsbioning  com- 
menoBs  at  E  with  pressure  p^  and  at  A  t^e  preeaure  is  p^. 

The  figure  C  D  B  H  E  is  the  diagram  due  to  Hm  ezpansioD  of  steam  of  a 
volume  equalling  e  at  a  preaanre  ^  to  «  pressure  p^  so  that  the  rata  of  its 

expansion  is rp^  •     N'ow  jt,  x  X>'B  —  p„  x  OE,  and,  therefore, 

Pi      ^ 

Po      DE- 
Since  ;>,  and  ;>g  are  both  known  the  rate  of  expansion  ia  known,  and  b^ 
referring  to  Table  IX,  the  mean  pressure  p'„  due  to  this  rate  oi  expansion  u 
found. 
The  area  H  E  F  Q 

CDFQB   . 


area  C  D  F  G  B  -  (area  C  D  E  H  E  +  area  H  E  B 
//.  X  (AB  + AC)-p'.(l  +c>. 


HKB         .y,(AB- AK).p.A 

ODEHK;.p-.(OK).,>-.(a.), 

HEVQ      —  /I.  xl,  or  the  efi'ectiTs  mean  pressure. 


Coot^lc 
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Tbeit^ita,  the  effectiTe  mean  praeaure 

.y.(l..)-{.-,(S.-l)},.-,-.(a-,) 

-  f'.  «  •  (p'.  -  pj  +  Oft  (l  -  ^)  -ft 

-(p'.-Pj(l*«)  +  «P,(l-^)-        -       ■       ■       <C) 

Oeneral  Effect  of  Clearance  and  Onsbioning. — Letp',  tbe  abeolate  initial 
presiure,  be  represented  in  Fig.  26  by  C  D,  p,  Uie  back  preasure  by  B  L,  A  B 
the  length  of  stroke,  A  C  the  cleanoce  «,  A  K  the  oompreeaion  x,  E  F  the 
Dominal  cutoff  r  the  nominal  rate  of  ezpaneioD,  r,  the  nai  rate  of  expan- 
oion,  Ac,  tc,  as  before,  p'^  the  mean  pressure  due  to  an  initial  pressure  ;/, 
and  a  rate  of  ezpanaian  r^;  p^  the  real  mean  preasure  (dNEFQLH.  Aa 
before 

I  +  e  1+0  ,,. 

'■-l '•TTTr-       •-•(>) 

-  t. 

Since  tbe  Bteom  ft(  point  K  is  shut  op  in  ft  space  a  +  «,  uid  is  eompreesed 
into  s  spsoe  e,  tlie  nua  nfoompreuion  is ;  and  Uie  pressure  after  eom- 

praaaion  at  N  is  p*  —  p^  and  represented  by  AHorCSl;  letjC^e 

iiie  mean  preaanre  of  tlie  Sgnre  M 1?  H  K  C,  vhioh  is  tliat  due  to  a  pleasure 

— - —  p^  and  a  rate  of  expansion . 

The  area  HEFQLH  -  CDFQB  -  SEHH  -  MNHKC  -  KHLB. 

NEFOLH  -  ;.  s  I. 

CDFOB      -  f'.  (1  +  s). 

MNHKO    -  pi  (»  *  «). 
EHLB        -  r,  (1  -  «). 
Therefore, 

fc-y-G  *•)  -  {(P' -!>■)«  -fiF)  -»4(»  +  «)  -P«(l-«) 
-P'.(l*«)-P'«-P.(l  -  2S.-S)  -pl(i4..).        -        (2) 

SseampU  1. — ^To  find  ttie  efTectiTa  mean  preesnre  in  a  cylinder  bavinff  a 
clearance  space  equal  to  one-seventh  its  capacity,  the  initial  pressure  80  Ids. 
^Molute,  the  back  pressure  10  lbs.  absolute,  uid  the  nominal  cut-off  ^  the 
stroke: 

fl)  If  no  oomprMsion 
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ThsD 

}>'.  -  80  X  0-661fi  -  62-92  lbs., 
and 

The  efieotdve  mean  preesore  -  ((2-93  -  10  -  42-92  lbs. 
(2)  If  full  oompresaioii  to  80  lbs. :  Hera  rate  of  (XMupreBsiim 

^^  '■•=ft  =  ro  =  '- 

Thwefore, 

^  -  ta^  -  8-08  (Table  ii.) 
n        Pi 

j/^  -  52-92  Iba.  as  before. 
Then  the  efTective  mean  presenre  by  formula  (0),  p.  113, 

-  (52-92  -  10)  (1  +  I)  +  y  (1  -  3-08). 


-  f  X  43-93  -  i^  m  36-26  Iba. 


If  diera  waa  no  clearance,  the  effectiTe  mean  pressnre  would  be  41-74  —  10, 
or  31-74  lbs. 

The  tteam  uMd  in  the  case  (2)  is  the  same  as  if  there  had  been  no 
dearanoe,  and  as  the  eSectdve  mean  presBore  was  only  26-28  lbs.,  tliere  is  a 
lott  due  to  el«arana»  of  6-46  lbs.,  or  20  per  cent.  In  case  (1)  the  qoantity  of 
steam  need  is  ^j-  the  volnme  of  the  orlinder  per  Btroke,  or  one^even^  of  the 
Totome  in  excess  of  the  quantity  with  no  clearance,  so  that  with  tiiia  increase 
of  steam,  if  thera  was  no  clearance  and  the  rate  of  expansion  6,  Uiere  ahonld 
be  an  increase  in  the  work  done,  and  that  increased  work  will  be  to  tiiB  work 
done  by  the  smaller  qnaatiW  of  steam  as  13  is  to  7. 

The  equivalent  mean  enectiTe  presanre  is  then  V  of  31-74,  or  54-41,  as 
against  42-92  lbs.  which  waa  obtained,  showing  a  loss  of  11-49  lbs.,  or  21 
percent. 

The  example  given  is  a  very  extreme  ease,  and  such  as  would  be  rarely 
found  in  practice.  The  effect  or  clearance  in  the  high-pressnra  cylinder  of  a 
compound  engine  may  be  seen  in  the  following : — 

Example  II, — The  nominal  rate  of  expansiOD  is  8,  tlie  initial  absolute 
pressnre  90  Iha.,  and  the  absolute  back  pressure  22^  lbs.,  the  clearance  being 
one-ninth  Uie  capacity  of  the  cylinder. 

(1)  Ko  compression : 

,.2^;.  1.82. 

By  reference  to  Table  IX.,^  =  -8786  for  a  rate  of  expansion  of  1-83 

Pi 
Then  p.  -  90  x  0-876  -  79  Iba. 

Mean  effective  presanre  -  79  -  22-6,  or  66-6  Iba. 
The  equivalent  mean  preasure  when  ^  +  (  or  {^  (rf  the  volume  of  the 
cylinder  oE  steam  is  used  will  be  V  of  53-68  lbs.,  or  65-61  Iba.,  showing  a 
loss  by  clearance  of  13-88  per  cent 

(2)  If  fall  compression  to  90  lbs.  i 

Here  ^  ~  4,  whidi  ia  the  rate  oj  oompreteion ;  so  that 

^  =  -o£j!!  .  2-39        -        -        -     TaWe  ix. 
P  Pi 
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The  effectiTe  mean  iveMure  b;  fonnnlk  (0),  p.  113, 

-  (79  -  22-B)(I  +  1.)  +  «(l  -  2-39) 
■=  62-77  -  13-9  -  48-87  lb«. 
Thus  ohowiDg  A  low  of  6-81  lbs.,  or  10-8  per  cent.  onlv.  The  loss  from  the 
cleanmoe  in  m  oomponnd  is  not  bo  serioaa  u  in  the  expansiTe  engine, 
and  in  a  fariple  or  qnadmple  engine  is  of  no  oonseqnenoe,  aa  the  steam 
in  the  former  (which  haa  passed  from  the  high-pressure  cjUoder  without 
giving  out  its  full  work),  will  do  more  work  in  the  medium-pressore  and 
b>«-preaaure  flinders;  whereas,  witii  the  expansive  engine,  the  a^hntiaf 
steam  passes  direct  to  t^e  condenser  at  a  higher  pressure  than  when  there  ia 
no  clearanoe.  Further,  ainoe  the  cut-off  in  an  ezpansiTe  engine  is  much 
earlier  than  in  a  compound,  and  the  dearaiioe  from  practical  considerationa 
is  very  much  the  same,  the  ratio  cf  clearanoe  to  volume  at  out-off  will  be 
much  higher  iu  the  former  than  in  the  latter.  Considerable  loos  is,  how- 
ever, experienced  in  oompoimd,  biple,  and  quadruple  engiaea  if  the  cUaranoe 
in  Hie  low-pressure  cylinder  is  large. 

Tba  beneficial  effect  <tf  cuahionmg  is  seen  in  both  the  preceding  example^ 
but  its  valne  is  greater  still  when  the  oat-off  in  the  bigh-pressurs  cylinder  ia 
somewhat  earlier,  as  may  be  seen  by  the  following  - — 

Exampig  III. — ^The  cut-off  in  me  <7linder  of  example  (3)  is  altered  to  | 
the  stroke,  so  t^t  the  nominal  rate  of  expansion  is  i. 

(1)  No  oompressioD : 

Then  p,  =  62-1  lbs. 

and  Hm  effective  mean  pressure  -  63-1  -  22-6  -  29-6  lbs. 

The  equivalent  mean  pressnre  due  to  the  amoont  <rf  steam  used  is  now 
V  of  3ri86,  or  46  lbs.,  thos  showing  a  loss  of  12  per  oent. 

(2)  If  full  compression  to  90  lbs. : 
like  foTective  mean  pressure  by  formula  C 


=  (62-1  -  22-6)  V  -H  W  (1  - 
"U-  lS-9  -  30-1  lbs. 


Thus  showing  a  loss  of  1-086  lbs.,  or  3-4  per  cent.  only. 

The  economy  efFeotad  by  working  witli  a  considerable  amount  of  cushion- 
ing is,  therefore,  very  appreciable,  and  practice  has  proved  the  oorrectneaa 
of  tiiia. 

In  actual  practice,  however,  it  seldom  happens  that  so  much  cushioning 
can  be  eflbcted  aa  to  fill  the  clearanoe  space  with  steam  of  pressure  equal  to 
that  of  the  entering  steam;  but  still  even  what  is  conveniently  obtained 
materially  adds  to  the  economic  working  of  the  engine.  It  must  not,  how- 
ever, be  forgotten  that  the  effective  mean  pressure  is  considerably  reduced 
by  cushioning. 

Mean  Prennre  in  a  Compotmd  Engine. — ^If  the  effective  mean  pressure  in 
the  high-presBure  cylinder  (J  a  compound  engine  be  divided  by  the  ratio  of 
capacity  of  low-pressure  to  that  of  the  high-pressure  cylinder,  the  quotieut 
repreaenta  the  mean  pressnre  necessary  to  do  the  same  work  in  we  low- 
preenm  cylinder  as  is  e%ated  in  the  high-preasure  cylinder.  If  this  be 
added  to  the  e&otive  mean  pressure  in  the  low-pressure  cylinder,  the  som 
will  be  the  mean  pressure  necessary  to  obtain  from  tJie  low-pressure  cylinder 
alooe^  the  whole  work  done  by  boui  cylinders,  and  may  be  called  the  cgtiivo- 
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hnt  mean  pretture.  If  tiiere  be  no  loM  ot  me&n  preeanre,  cwing  to  drop  in 
Uie  reoeiver,  or  o^er  caiue,  Uiis  eqiuTsleiit  mean  preBSore  will  be  tbe  same 
u  ttie  effectdve  mean  pressure  obtained  by  tbe  steam  ezpuiding  in  one 

S Under  at  ihe  same  rate  aa  the  total  expansion  effected  in  both  cylinders  f^ 
e  oompound  engine.      In  the  two-OTlinder  reoeiver  form  of  oompoond 
engine,  Uiere  is  sometimes  a  oonsiderable  fall  in  preflsnre  from  tfae  release 
point  to  tfae  ezhanstt  owing  to  the  low  preasore  maintained  in  tlie  leceivflr. 
")  Two-cylinder  recover  compound  engine. 


(1)  Two<;ylii 
Let  ^  be  thi 


the  initial  presaore,  p^,  tbe  back  presenre  in  Uie  low-presaiiTe 
cylinder,  p,  the  pressure  in  the  receiver  and  back  pressure  in  the  higb- 
preesoie  cylinder;  B  tbe  ratio  of  cylinder  capacitiea,  r  tbe  total  rate  of 

expansion,  r,  the  rate  of  expansion  in  the  higb-preesore  cylinder,  and  r.  that 

in  tbe  low-pressure  cylinder;  i/^  Ibe  mean  preeaure  due  to  an  initial         *' 
pressure,  p\  and  a  rate  of  ei^ionsion,  r, :  }>'_  the  mean  pressure  due  to  an 
initial  pressure  p^  and  a  rata  of  expansion  r^^  F,,  is  tbe  mean  pressure  due 
to  a  rate  of  expansion  r,  and  an  initial  pressure  p, : 

Tbe  effectiTe   mean  pressure  in   tbe  high-pressure  cylinder   is    then 
(p'm  -  Pf) ;  »nd  that  in  tbe  low-preesnre  cylinder  is  (p'«  -  yj. 

Also 


1+hyp.log.r, 


Since  the  work  performed  in  Uie  engine  is  supposed  to  be  equally  divided 
between  tbe  two  cylinders, 

P'-  -Pr-'B.  (P\  -  Po)-  -  -  -  (1) 

But  if  there  be  no  lose  due  to  "  drop,"  and  the  mean  pressure  in  tbe  high^ 
e  be  referred  to  the  low-preaanre  cylinder,  then 


By  substituting  the  value  of  (p'.  -  p,)  of  (1)  in  the  above 

p'm  -  Po  -  (P-  -  Po)i 

and  B 

p'm  -  P,  -  (P-  -  Po)^ 

Let  c  be  the  efficiency  of  the  system,  so  that  (1  -  a:)  is  tbe  proportion  of 
loss  due  to  drop.    Then 

P'--Po-'^(P--Po)i  ] 

and  ,  ™  vB  [      -        ■        ■        (^) 

P--Pr-«(P--Po)-2  j 

To  find  the  aefual  mean  pressures  when  there  is  loss  due  to  "  drop,"  the 
Talne  of  x  must  be  determined ;  this  may  be  done  by  substitating  tbe  value 
of  p'„  and  p'_  found  by  the  preceding  formoln ;  but  an  approximate  value 
may  be  found  by  determining  the  value  erf  p,  in  equation  (3) ;  from  tbe 
value  tiius  found    calculate  p'^   and   refer  tbe    mean  presauree  of  both 
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c^Undera  to  the  low-pressure  cylinder.    It  (P"^  -  Po)  be  Uie  equlTKlent  mean 
presBnre  tiiOB  foond,  then,  ftpprozimately, 

-h^-   ■--■(*) 

ExampU. — To  find  tiie  mean  pressure  in  a  compoimd  engine  using  steun 
c&  90  lbs.  absolute  pressure,  the  total  rate  of  expansion  being  7,  the  ratio  cd 
the  f^linder  capacities  3*5,  and  the  back  pressure  4  lbs. 

F.  -  90  X  0-431  -  37-89  Ibe.  •        •        Table  ix. 

fj  -  7  +  3-ff  -  2. 

p'.  -  90  X  0-8465  -  76-18  lbs.        -  Table  ix. 

p,  -  76-18  -  ^(37-89  -  4)  -  16-88  Iba. 


^^.Ifi-Sslt-^^il!!?- 16-36. 


1-313 

That  is,  the  effectiTe  mean  pressure  in  high-pressure  orlinder  is 
76-18  -  16-88,  or  59-3  lbs.,  and  that  in  low-pressure  cylinder  is  16-36  -  4, 
or  13-36.     Beferred  to  low-preasure  cylinder  atone, 

P*.  -  ft  -  13-36  +  ^~  39-3  Ibfl. 

P.  -  Po  -  37-89  -  4  -  33-89  lbs. 
Theratore, 


Ihen,  actual  effectiTe  mean  pressure  1        naRKKti.an       i\  *"'*       m.xii- 
in  high-pressure  cylinders  /    =  0866(37  89  -  4)^  -  51  3  Iba. 


Then,  actual  effeotiTe  inean  pressure )    _  ^.ggg  ^^.gg  _  ^j,  _  ^^.gj  ji^ 
in  low-pressure  cylinder  j  i  /» 

■*^if^"^.''™T™  !"  "^^^[   -  76-18  -  Y-(29-8)  =  34-88  lbs.      ?* 

(2)  Tht  ihrM-oyUndar  raoaxw  eompound  mgme,  hamttff  (wo  low-pntturt 
oj/linderi.  Batio  (rf  each  low-pressure  cylinder  to  the  high-preesure 
.    B 

In  this  case  only  one-tiiird  of  the  work  is  done  in  eadi  cylinder.    Then 

p'm  -  Pr-jip'm-p,),      ■       -        -        ■        (1) 
hod  OS 

^;-^'  +  (i.'.-p,)-p.-p. 


p:  -  f .  - 1  (P.  -  rt ) 

ii„      if-    ■    •    <*' 
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AIm  tllft  BOtul  TslttM 


J»'--ft-J(P--y»)"J 


ExampU, — ^To  find  the  mean  pKBSores  in  a  threfrcyliuder  oompooiui 
engine  (hAving  two  low-preasnre  cylinders),  naing  steam  of  90  lbs.  sbaolnte 
pieesute^  tile  total  rote  of  expuuion  being  seven,  tlie  ratio  of  the  combined 
oapadtj  of  tlie  low-pressure  cylinder  to  th&t  of  liie  high-pressoie  being  3-5, 
and  the  back  presenre  4  Ifae. 

P.  -  90  «  0'«31  -  37'8«  lbs,. 


B 


^.  ■  90  «  O-SiSO  -  7618  Iba., 

f,    .  76-18  -  ^(37-89  -  4)  -  S6-6*lbt, 


se-u  ) 


'>  -  r,         90 

p-..  36-64 l-!^^tM±85.J6-« 

Then  the  mem  rfMre  pnasnre  in  the  high  )       ,,.jj  _  ,j.j,  _  jj.j^  j^ 
{o^esure  cymtder  -       -       ■       -       -  ( 

Then  the  mean  effective  preasiire  in  tiie  lov  )       ...       .       ...  .^^ 

preeanre  cylinder ^  -  38  4  -  4  -  32  4  Ita. 

Then 

P-  -  ft  -  22-4  +  ^^  -  32-7  lbs. 

Then 

a,  -  33-7  ^  33-89  -  0-&66. 
Then  actual  effective  mean  1       o.k 
pressure  in  high-preesnre  >  -  -j- (37-89  -  4)  x  (W66  -  38-18  lbs. 
cylinder-         -        -        -) 
Then  actual  emotive  mean  1       « 

pressnre    in    each   low- ^  -  ^(37-89  -  4)  x  0-960  -  21-8  lbs. 
pressure  cylinder   -        - ) 
(3)  The  tAree-oj/lind«r  oompound  oontmuout  expantion  engine,  having  one 
hxgKfrttavre,  ona  lout-pnnure,  and  one  medivm-pnatttn  egtinder,  gerurally 
etUled  triflecompound. 

R  is  tlie  ratio  of  low-pressure  to  high-pressure  cylinder ;  B,  the  ratio  of 
low-presBure  to  mean^ressure  cylinder;  p'  tiie  initial  pressure,  iM.,  as  before. 
P'b  Hm  mean  pressure  due  to  expansion,  r„  and  pressure  p', 
p\        »  ..  ..  *■».  >.  r. 

i»  -      »  »  »       f-B.        »       p . 

p'  is  the  presenre  in  the  receiver  between  higb-preasnie  and  i 
essure  cylinders,  p"  '"    '    '      '" 
w-presanre  cylinden. 


kUN   PRESBCaB  IN  A  COKPOtlMD  ENQINK. 

Then  ttfective  mean  proasnre  in  high-pressore  C7liiidar  —  p'^   --  p', 
„  „  mean-preaanre      „        =  p'^  -  p", 

■I  „  low-presaore         „        -  j>"„  -  p^. 

nien,  if  tliere  is  no  loss  due  to  drop, 

/»■,  -  p'  -  R  (p".  -  p»)  and  p'_  -  p"  -  Bi  (p".  -  p»).      -    (] 


P.-J^-p".-p«  +  £^^^ 


P'*-t^'-^(P~-t^   I (2) 

p'.-p--|(P.-p») 

is  generally  some  loss  from  this  cause,  on  approximatioii  moat  be  fonnd  in  a 
similar  way  to  that  for  the  two-cylinder  componnd  engine. 
Hie  cnfcoff  in  the  hi^-preesure  cylinder  will  be,  as  before, 
1__  R_ 

The  cnt-off  in  mean-preasare  cylinder  in  order  to  maintain  a  presanre,  p*, 
in  the  receiver  between  it  and  the  high-presanre  i^linder  can  be  found  in  uie 
same  way  as  before.    Since  K  is  the  ratio  of  low-pressure  to  high-pressure 

i^linder,  and  B^  Hiat  of  low-preasnre  to  mean-pressure  cylinder,  w-  will  be 

Qie  ratio  <d  Hie  mean-pressure  to  hi^-pressnre  cylinder,  then 

and 

1  _  ^  „  p'  X  i. 

r,      R      ^     r, 

Substituting  the  value  of —.    Then,  -  -  ^S-' 
f,  rj  p  r 

The  cut-off  in  low-pressure  ^linder  to  maintain  a  pressure,  p",  in  the 
receiver  between  it  ana  the  mean-preasnre  cylinder, 
j_  _   1       p'       1^ 

Snbetituting  tiie  value  of  -.    Then,  —  -  -^ 

Bat  since  the  terminal  pressure  in  the  low-pressure  cylinder  will  be 
that  due  to  an  initial  preasure,  p',  and  a  rate  of  expansion,  r.    Then 


_   P  . 
'p^ 
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Cat-off  in  hif^-pressure  cylinder  —  — 

„        meftn-preoBiire     „        *  B,  x  -^ 
„         low-presmre 


-^ 


(3) 


To  ftToid  any  I^igtliy  or  elaborate  caloolatioiui,  a  reanlt  Bnffioiontiy 
aocarate  for  praotioal  purposes  may  be  obtained  by  asBaminj'  a  value 
for  X,  and  using  it  only  in  the  first  step  ctf  tiie  calculation.  This  value 
will  vary  from  1-0  to  0-9  in  well^roportioned  engines  ctf  t^iis  class,  when 
the  steam  pressure  is  not  less  t£an  120  lbs.  abeolute^  and  the  rota  cd 
expansion  Dot  less  than  10  tiTnoa 

ExamiiU. — ^To  find  the  mean  preesures  in  tJie  tiirefrcylindar  oontinuons 
expansion  ^[ine,  using  stMuu  of  120  lbs.  absolute  presaure,  and  expanding 
12  times.  The  ratio  of  low-pressure  to  high-pressure  cylinder  being  6,  ana 
of  low-pressure  to  mean-pressure  ajMoAer,  2*5;  the  book  pressure  in  low- 
pressure  cylinder  being  4  lbs. : 

AMume  X  —  0-9. 

P.  -  120  x  0-2904  -  54-89  lbs. 
/„  -  120  X  0-8466  -  101-68  lbs.  f_ 
'  ■  \  (34-86  -  4)  X  0-»  -  66-63  Tbe. 


\  Table  ix. 


r~  ■ 

Therefore, 


^  -  101-M  -  66-63  -  46-06  lbs. 


j--644]orr,  -  1-8 


.  1  +  hyp.  log.  1*898      ..  ,, 


If  tile  work  performed  in  tile  BeooBd  cylinder  is  to  equal  that  done  in  the 
6nt,  then 

.  ^  X  CSeS  -  ^  «  6tS-6i  -  2314  Ihe. 


y-.-y-- 


r"  -  38  -  23'U  -  14-86  Ibe. 

,-.  ■y-'^''yP;H'«8,  13-98  11» 
f".  -  p,  -  13-96  -  4  -  9-96  Ihe, 
Therefore,  the  mean  pressures  are  &S-&3  Iba,  23-14  lbs.,  and  9-96  lbs. 
Referred  to  the  low-pressure  cylinder, 

27-H  ,   DS-63      „..,„ 


P".  -  p.  -  9-9 
P.  -  Pd  =  30-85. 


ijGoOl^lc 


ACTUAL   MSAN   PRB8SUBE   IN    PRACIIOK. 


30-85 

So  that  if  tike  work  is  exactly  equally  divided  between  the  (flinders,  them — 
Ueao  preeaoie  in  low-presaore  o^Iiuder 

=  ^-.ZIm  0-923  -  5^  X  0-923  -  9-49  Iba. 
Mean  pressure  in  mean  pressure  i^lindw 

-  ^(P«  -  po)  0-923  -^*  30-85  x  0-923  -  23-72  lbs. 
Mean  pressore  in  high-pressure  o/Under 

■=  ^(P-  -  Po)  0-923  -  i  X  30-86  x  0-923  -  66-94  lbs. 

Actual  Mean  Presfore  In  Praetice. — In  the  preoeding  pages,  t^e  meau 
peasnre  spoken  of  is  onlv  anch  as  would  be  obtained  from  a  perfect  engine 
in  vhich  steam  is  dry  ana  expanding  at  a  constant  temperatore,  and  as  such 
is  what  may  be  called  the  theoretieal  mean  pretture.  In  an  actual  engine, 
howerer  oarefolly  deaigned  and  mannfactorad,  there  will  be  certain  causes 
of  loaa  of  pressure,  bo  that  the  actual  indioatordiagram  will  show  a  mean 
|«easiire  considerably  less  than  that  due  to  t^  initial  pressure  and  the  rate 
of  ennnaion,  allowing  ttiat  during  expansion  work  has  been  done. 

lite  following  are  the  principal  causes  of  loss  of  pressure  in  the  oylindw 
o(  a  marine  engine : — 

(1)  Friction  in  the  Btop-TalreB  os  tbfl  Boiler  and  Engine,  and  In  the  PlpsB 
connecting  theu. — If  the  initial  pressure  is  taken  as  tbat  in  the  slide-valve 
case,  <^  oouise  this  particular  loss  does  not  affect  the  indicatordiagram  at 
alL  If  the  stop-valves  are  opened  to  the  extent  of  one-quarter  dC  their 
diameter,  and  the  steam-pipe  is  fairly  straight  and  short,  tuid  of  sufficient 
diameter,  so  Uiat  the  flow  (d  steam  at  any  p<nnt  does  not  exceed  a  velocity 
of  8000  feet  per  minute :  the  loss  of  pressnre  at  the  valve-case  will  be  veiy 
sli^t,  and  not  exceed  2^  per  cent  If  the  capacity  of  the  valv&oase  u 
nearly  equal  to  that  fd  the  cylinder  at  the  ont^  pointy  t^e  loss  will  be  stall 
leae,  as  tlie  case  then  acta  as  a  reservoir  in  which  steam  is  stored  between 
tlte  cut-off  and  admisdon  periods. 

(3)  Friction  or  mre-drawing  of  the  Steam  during  adndssloo  and  cnt-oS; — 
33ufl  IS  the  principal  cause  of  loss  of  pressure  in  most  marine  engines,  and  is 
generally  due  to  defective  valve-gear,  combined  wilii  small  8t«^  ports  and 
passages.  If  the  opening  to  steam  during  admission  is  snudl  at  the  moat^ 
Knd  t£e  valve  doses  slowly,  large  passages  and  ports  are  of  no  avail ;  and, 
on  the  other  htuid,  if  the  passages  are  contracted,  there  will  be  considerable 
loss  of  pressure  in  the  cylinder,  however  efficient  t^e  valve-gearing  may  be. 
But  the  slow  and  limited  motion  of  the  valve  itself  is  the  moat  serious 
obstacle  to  the  obtaining  of  good  diagrams.  The  slow  opening  of  tlie  valve 
causes  no  toes,  as  the  piston  speed  is  low  at  that  period.  A  perfect  valve 
should  open  wide  enough  to  allow  the  steam  to  pass  at  a  velocity  of  8000 
feet  per  minute,  and  remain  open  until  cutoff  which  should  take  place 
quickly ;  the  valve  should  remain  closed  until  very  nearly  the  end  ot  the 
stroke,  when  it  should  open  quickly  and  wide  to  sxlumtt ,-  the  slow  dosing 
to  tiAauit,  and  slow  opening  to  lead,  ore  of  no  conawquenoe,  and  cause  no 
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practical  loss.  The  loss  of  pressure  from  these  caases  vith  engines  having 
oommon  slide-valves,  and  the  ordinary  link-motioii,  is  very  great;  especially 
ia  tiiia  the  case  when  steam  is  cnt-off  early  in  the  stroke,  by  the  main  valves 
being  set  wiHi  very  little  lead,  and  having  only  single  ports.  As  has 
already  been  stated,  the  steam  becomes  superheated  by  the  fiietaon,  and  so 
is  a  little  more  efficient  daring  expansion  than  it  vroold  otherwise  be. 

When  cnt-off  is  effected  by  means  of  special  valve^eor,  or  by  a  separate 
cnt-off  valve,  the  pressore  at  cut-off  is  very  little  below  that  in  the  valve- 
casing,  and  sometimes  equal  to  it;  when  effected  by  the  ordinary  single* 
ported  slide  v^ve  and  link  motion,  the  pressure  at  oat-off  is  sometimes  aa 
much  u  16  per  cent,  and  seldom  less  than  7}  per  oent  below  that  in  the 
Talvfr«ase. 

(3)  Liqaefiiction  dnring  Expansion,  partly  due  to  the  cooling  action  of  the 
walls  of  like  cylinder,  is  a  frequent  source  of  loss  of  pressure,  and  this  is 
especially  so  in  expansive  engines  working  with  moist  steam  in  nnjacketed 
cylinders  ;  and  is  observable  also,  though  in  a  smaller  degree,  in  all  compound 
engines  working  under  gimilM'  csrcnmstanoes. 

(4)  Ezhanfltlng  before  the  Piston  has  reached  the  end  of  its  stroke, 
although  conducive  to  the  good  working  of  a  fast-running  engine,  will  show 
a.  loss  of  pressure  in  the  indicator^Ii^ram.  The  loss  from  this  cause  is, 
however,  more  imaginary  than  real ;  but  it  must  not  be  forgotten  that  the 
I.H.F.  will  be  less,  which  is  important  when  the  I.H.P.  is  essential  in  the 
contract. 

(5)  Compreuion  and  Back  PresBore  dae  to  "Lead,"  also  tend  to  reduce 
the  mean  pressure  of  the  diagram  when  compared  with  the  thMrMieal  mean 
presaurt.  But  these  are  both  essential  to  the  good  working  of  an  engine, 
aivd  (as  has  been  shown  in  a  previous  part  of  this  chapter)  compression  tends 
to  balance  the  loss  due  to  dearanoe. 

(6)  Friction  In  the  Ports,  Passages,  and  Pipes,  between  cylinder  and 
cylinder  and  condenser,  produces  a  loss  <k  pressure,  and,  although  not  large 
when  the  velocity  through  them  does  not  exceed  6000  feet  per  minute, 
sometimes  amounts  to  2  or  3  lbs.  in  badly  designed  engines. 

(7)  Clearance  has  been  shown  to  serve  to  increase  the  mean  pressure 
beyond  that  due  to  tiio  nominal  rate  of  expansion,  and  therefore  cannot  be 
reckoned  as  a  source  of  loss,  unless  the  «guivcU«nt  cut-off  is  taken  to  obtain 
the  rate  of  expansion. 

It  will  be  seen,  then,  that  the  actual  mean  pressure  expected  to  be 
obtained  from  the  indicator<liafi;ram  of  an  engine  depends  very  much  on  the 
proportion  and  arrangement  m  the  cylinders  and  their  valves,  &a.,  and  in 
oaloulating  the  txpecttd  mean  pressure  from  the  theontioat  mean  preiturt,  due 
allowance  must  be  made  in  each  individual  case. 

If  the  theoretical  mean  pressures  be  calculated  by  the  methods  laid 
down  in  this  chapter,  and  the  necessary  oorrectionB  made  for  elearanei  and 
oompression,  the  «xp«et«<i  mean  pressure  may  be  found  by  multiplying  the 
tesnlts  by  the  factor  in  the  following  Table  x. 

If  DO  correction  be  made  for  the  effects  of  clearance  and  compression,  and 
the  engine  is  in  accordance  with  general  modem  practioe,  the  clearance  and 
oompression  being  proportionate,  Sien  the  Theoretical  Mean  Pressure  may 
be  multipUed  by  0-96,  and  the  product  again  multiplied  by  the  proper  factor 
in  Table  x.,  the  result  being  the  expected  mean  prossora 

SxampU. — ^To  find  the  expected  mean  pressure  In  the  cylinders  of  a 
marioe  engine  using  steam  of  60  lbs.  absolute  pressure,  the  rate  of  expansion 
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4,  tlie  olearauoe  eqiul  to  one-tenth  of  the  cjlinder,  and  the  pressure  in  the 
condenser  2  lbs.,  uie  valTe-gauiiiff  speciftUy  sdspted  for  an  early  oat-o^  and 
the  ports,  psssa^^ee,  &a.,  of  ample  sjie ;  oompreasion  oommenoea  at  j  of  the 
atixtke.     The  cylmdera  are  jacketed. 


TABLE  X. 


{1}  EipSdiTo  BDpne,  Bpaau]  Tslve-gear,  or  with  a  sepaiate  ont-off 
t&Itb,  ojlindert  Jacketed, 

(S)  Bxpumve  meiiie  baving  liirge  porta,  fto.,  and  good  ordiiury 
TalvM,  ^bndera  jkoketed, 

(8)  EzpanaiTe  anginea  with  the  ordinary  valvet  and  gear  u  in  generBl 
praotioe,  aod  trnjaoketed, 

(4)  CompoQad   eagiiMa,   with  eznHMon  Talre  to  H.P.  ojlinderi 

(^linden  jacketed,  and  with  large  porU,  &o., 

(5)  Componnd  eoginea,  with  ordinsrj  slide  TalTcaiOflindan  Jacketed, 

and  good  porte,  &o., 

(6>  CompoDod  eoginea  ai  in  gtuetal  praotioe  in  the  merohant  aerrioe, 

with  early  ont-off  in  both  oylinden,   without  jaoketa  and 

expaoaioa  Talvea, 

(7)  TcipleHoompoand  anginea,  with  ordinary  slide  valvet,  good  ports, 

nnjackated,  mooerate  pittcm  spaed, 

(ft)  Fait-mnning  engines  of  the  type  and  design  nsnally  fitted  Id 


OH 

0'9 

to  0-03 

0-80 

to  0-66 

0-9 

toO-« 

0-8 

to  0-86 

07 

to  OS 

0  M  to  0-78 

06 

to  07 

The  effective  rate  of  expansion  is 


'"    1  +  4  » 
0-25  +  01 


and  the  rate  of  expansion  3-6.    Then, 

Expected  mean  pressure  -  41  (1  +  0-1)  -  60  x  0-1  -  2(1  +  0*6  -  0-1) 
-  4-«(-35  + 0-1) -36-3  lbs. 

If  the  effects  of  olewaoce  and  oashiooiiig  be  neglected,  Uie  mean  pressure 
-  60  X  0-6966  -  2,  or  33-8  lbs.  This  is  less  than  the  result  obtained  by 
the  more  accurate  calculatioD  in  this  case,  because  the  cushioning  is  small 
for  so  low  a  back  pressure  when  compared  with  the  clearance. 

The  mean  pressure  in  practice  will  be  found  now  by  multiplying  3G-3  lbs. 
by  0-94,  and  is  therefore  33-18  lbs. 

&campU, — ^To  find  the  expected  mean  presaure  in  tiiB  cylinders  of  a  com- 
pound engine  using  ateam  of  100  lbs.  absolute  pressure,  the  cut-off  in  both 
Ligh-pressure  and  low-pressure  cylinders  beuig  at  half  stroke ;  the  clearanoe 
in  nrth  cylinders  is  equid  to  one-tenth  of  their  net  capacity ;  the  pressure  in 
tlte  condenaer  is  2  lbs. ;  the  cylinders  are  jacketed,  and  tiie  ports,  &o.,  of 
ample  dze,  no  expansion  valves.  Compression  c(»nmenoea  at  \  the  stroke. 
Cylinder  ratio!. 


124  UANOAL  07  ICARINE  XNQINEBRINO. 

Here  the  effective  mte  of  ezpaiuioQ       —  i  = — 5 — ^  —  1'83. 

100 
■  1-83  ' 

The  MipMtoef  pressure  in  receiver  -  27-3  x  0-8S  «  23-2  lbs. 

The  ttewn  is  oompreaaed  in  high-presBiire  cylinder  to 

jf  =.  LlJs.  X  23-2  -  81-2  lbs. 
tV 

The  nto  of  oompreeaion  -  *-=r"  ■  3'5. 

The  mean  presanre  due  to  a  rate  of  expAnrion  1*83,  and  an  imtiai  preaaore 
of  100  Iba. 

■  100'^h^;^»^l-»^,871ba. 

Tha  mean  pressure  dae  to  a  late  of  expuiaion  3-8,  and  aa  initial  preflsure 
ot  Sl'3  lbs. 

,81.2'->'-^H-3'',821bs. 

The  theoretical  mean  preaaure  in  hi^-presanre  oylindei 

-  87  (1  +  0-1)  -  100  X  0-1  -  23-2  (1  -  0-6  -  01)  -  62  (0-26  +  0-1) 

-  68-^2  Iba. 

The  txpacted  mean  prnture  in  high-preaaure  cyUader 

-  58-22  X  0-8ff  -  49-6  Iba. 

The  meoji  pressure  doe  to  a  rate  of  expansion  1*88,  and  an  initial  pressure  of 
23-2  Iba. 

-  23-2  1  +  hyp; tog^ljg  ^  20.2  ^^ 

The  mean  pressore  doe  to  a  rate  of  expaosioo  3-6,  and  an  initial  preasure  of 
71be. 

-  i-5  Iba. 

Then  theoretical  mean  preasure  in  low-pressure  cylinder 

=  20-2  (1  +  0-1)  -  23-2  X  01  -  2  (1  -  0-6  -  01)  -  4-5  (0-25  +  0-1) 

-  17-6  Iba. 

And  the  axpeeted  mtan  prutwe  in  low-pressure  cylinder 

-  17-6  X  0-85  =  U-87  lbs. 

SxampU. — To  find  the  expected  mean  pressure  in  a  oompound  engine  as 
fitted  in  ordinary  merchant  steamerB;  the  cylinders  are  nojat^eted,  the  boiler 
pressure  80  Iba.  (95  Iba.  absolute) ;  the  cylinder  ratio  is  3-5,  and  the  cut-ofF, 
effected  by  common  slide-valves,  is  at  half-«troke  in  the  high-pressure 
cylinder,  and  0'6  the  stroke  in  low-preasure  cylinder.  The  clearance  in  both 
OTlinders  is  one-twelfth  the  cylinder  capacity.  Compression  takes  place  in 
the  bigh-presaure  cylinder  when  the  piston  is  0*2  oS  its  stroke  from  the  end, 
and  in  the  low-pressure  cylinder  at  0-3. 

Sffioiency  in  thin  case  t&ken  at  0'76ii 
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The  effectiye  rate  of  ezpuuioD  in  high-preaBoie  ^Under 
=  ai^^  -  1-86.' 

The  theoretic&I  preesare  in  the  reoeiver 
96  1 

The  expected  preasnre  in  die  receiver 

=  2i-3  X  0-7fi  »  18-23. 
The  late  of  compression  in  the  higb-preaaore  cylinder 

=  0  2+  0-083  ^  3  . 

and  the  steam  is  compressed  to  16'83  x  3'4,  or  62  lbs.    The  mean  pressure 
due  to  ft  rate  of  szpanaion  of  1-86,  and  an  init^  pressure  of  96  lbs. 

The  mcoD  preasnre  due  to  a  nte  of  ezpansioa  3*i,  and  an  initial  presanie  of 
Saihe. 

.eslilafcJaLii.ioit.. 

Then  theoretical  mean  preamm  in  high-preasnre  cylinder 

.80(l+A)-9exA-18-23(l-(l-4-A)-«<0!l+A) 

-  68  lbs. 

And  the  expected  mean  preasnre  in  bigfa-pieesnre  cylinder 
-tSx  0-n  .  US  Ibe. 
The  hack  pressure  in  the  oondeneer  is  3  Ihs. 
The  efiectiTe  i»te  of  expansion  in  low-preesnre  cylinder 
,        1 

-M"- — r-T-""- 

The  rate  of  compression  in  lor-pressnie  cylinder 
0-S  *  0-083       .  . 

— ifoss — ** 

Steam  is  compressed  in  low-pressure  t^Iindcr  to  4*6  x  2,  or  9-2  lbs. 
The  mean  pressure  dae  to  a  rate  of  expansion  1-58,  and  an  initial  pressure  <^ 
16-23  lbs. 

,  18.28  X  ^*^7P-H-^-^^  _  16-8  lbs. 

The  mean  pressure  doe  to  a  rate  ctf  expansion  4*6,  and  an  initial  pressure 
2-2  lbs. 

_  9-2  K  i±^:^li:«  ^  Mb.. 
Then  theorelaco]  mean  pressure  in  low-pressnre  cylinder 

.l«-8(l+JL)-18-33xX-S(l-0-6-A)-5(0>»  +  A) 

-  K'13  Iha. 

And  the  acep«et«d  mean  ^Mvssurs  in  low-preasare  cylinder 

-  HIS  X  0-76  .  10-6  lbs. 

n.i,„sb,G00'^lc 
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Fraotloal  Method  of  Calonlatliig  tbe  Ezpeoted  Hean  PnBsnie. — An 
approzim&te  valae  for  the  expected  mean  preBsnre  in  a  compoand  engine 
jaaj  be  found  by  first  calcnlatmg  the  theoretical  mean  pressure  due  to  tlie 
total  rate  of  exponaioQ,  sabtraoting  from  it  the  back  presaure  in  oondeuaer, 
and  dividing  by  2  for  a  two-cylinder  engine,  by  3  for  a  triple,  and  by  i  for  a 
quadruple  engine.  The  result  ia  the  mean  pressure  in  ^e  low-pressure 
oylinder,  when  diere  ia  no  loes  from  "drop."  Multiply  this  by  the  factor  in 
^ble  X.,  p.  123,  and  again  multiply  the  product  by  0*8,  and  the  retuU  it 
the  sxpeelwl  mean  preuwn  tM«n  the  vwk  w  equaOff  divided  between  the  (too 
cj/linden. 

Example. — ^To  find  the  mean  pressures  expected  in  the  oylinders  of  a 
compound  engine,  using  steam  of  90  lbs.  absolute  pressure,  and  expanding  it 
six  times;  the  ports  being  of  ample  site,  and  the  cylinders  jacketed;  the 
cutoff  in  hi^-pressure  cylinder  effected  by  an  expaDsion-valre,  and  the 
pressure  in  t£e  oondenaer  ia  3. 
The  mean  presaure  due  to  a  rate  of  expansion  of  6,  and  initial  presaure  of 

90  lbs. -  90  X  -4663  =  41-8  lbs. 

The  efiective  mean  pressure        .        -        -     .  il>g  -  3  »  S8-8  lbs. 

The  effective  mean  presaure  in  L.P.  cylinder  ^  19*4  lbs. 

The  ezpeoted  mean  pressure  in  L.P.  t^linder  ->  19-4  x  0-9  x  0*8  -  13-9  Iba. 

If  the  ratio  of  the  cylinder  ia  3-fi,  Uien 
The  ezpeoted  mean  pressure  in  H.P.  cylinder  -  13-9  x  3*5  -  48-7  lbs. 

Qraphlc  Method. — It  haa  been  assumed  in  this  chiq>ter  that  ateam 
expands  in  acoordanoe  with  Boyle  and  Marriott's  law — tIe.,  p  v  —  aon^ant-~ 
on  account  of  its  convenient  form  and  easy  calculation.  As  a  matter  ttf 
tact,  tiie  results  obtained  in  this  way  ore  aufficdently  accurate  for  practical 

Sarposes,  although,  of  ooorse,  they  ore  not  scientifically  accurate,  for  steam 
oea  not  expand  in  practice  at  a  constant  temperature  as  is  assumed  in 
Boyle's  law,  and,  moreover,  when  expanding  in  practice,  it  is  doing  work, 
ana  therefore  giving  up  some  of  its  heat  with  a  corresponding  reduction  iu 
pressure. 

The  simpler  and  more  easily-worked  methods  of  obtaining  the  division  of 
power  in  compound  engines  are  graphic — i.e.,  by  means  of  geometric^ 
diagrams  based  on  the  same  physical  facta  as  before. 

Draw  a  atrught  line  A  C  (fig.  27)  to  represent  the  oqiacity  of  the  low- 
pressure  cylinder,  including  its  dearanoe,  which  latter  is  represented  by  A  B. 

Draw  an  ordinate,  A  E,  representing  the  absolute  pressure  of  the  steam. 

Take  a  ptnnt,  D,  on  AC,  ao  that-^.^  is  the  total  rate  of  expondoa 

required  in  the  system. 

Then  draw  the  expansion  curve,  D  Q'  C 

Take  a  point,  F',  in  K  D,  ao  that  £  V  reprenenta  the  clearance  of  Uie 
high-pressure  cylinder. 

Draw  F'  F  paraUel  to  A  K 

If  ow,  K  J>'  repreeents  tiie  capacity  of  the  high-pressure  cylinder,  includ- 
ing its  clearance  at  the  point  of  cut-off  in  that  oylinder. 

Then,  take  a  point,  L,  in  A  C,  so  that  =^  =  rate  of  cut-off  in  t^e  high- 
pressure  cylinder,  and  draw  L  L'  parallel  to  A  E. 

A  L  w5l  therefore  represent  the  capacity  of  the  high-pressure  cylinder, 
including  its  clearance  A  F. 
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Nov,  take  point  K  on  A  C,  so  that  A  N  repreeenta  the  oleamooe  in  the 
medium-preaaore  cylinder. 

Take  a  point,  Y,  in  A  C,  and  B  point,  Q,  in  A  0,  so  that  A  Q  repreeenta 
the  Tolnme  of  tbe  medium-pressure  cylinder,  including  its  clearance,  A  N, 


and 


s^ 


—  the  rate  of  oat-off  in  Hie  mediom-pressure  t^linder. 


Ttrav  y  T'  and  Q  Q'  parallel  to  A  K. 

Take  a  pointy  S,  in  A  C^  so  that  ^^  =  the  rate  d  ont-off  in  lov-presmre 
eylindar.  ^^ 

Drav  8  8' nuallel  to  A  E,  and  8'  R  paraUel  to  A  0. 

Then  P'  1}  J/  L'  F*  is  the  theoretical  hiffh-pressare  diaeram. 

N'  V  Q'  Q'  N'  ia  the  medium-preaaare  diagram,  and  B  S'  C  C  B  the  low- 
preaanre  diagram. 


Tbeoretioai  Expansion  Diagram, 


In  actnal  praddce  the  indicator  diagrams  differ  from  tlie  theoretical  onea, 
for  reasons  already  given.  They  may,  however,  be  inscribed  within  the 
theoretical  diagram  <rf  the  mean  pressure,  aa  shown  in  fig,  28,  which  has  been 
drawn  in  accordance  with  the  method  prescribed  above,  so  tliat  P*  D"  F  is  tha 
high-preflsnre  diagram,  T  Q  N  the  medium,  and  S  C  C  B  the  low.  In  prac- 
tice, the  area  of  me  actual  diagram  of  the  high  pressure  is  77  to  80  per  cent. 
of  the  theoretical.  The  actual  medium-pressure  diagram  is  70  to  73  per  cent. 
of  tiie  theoretical,  and  the  low  pressure  66  to  60  per  cent. 

In  faat-ronning  engines  the  percentage  is,  of  oonrae,  less  than  that 
obtained  from  the  diagrams  of  alow-moving  engines. 

If  it  is  found  by  this  means  that  the  power  is  not  sufficiently  evenly 
divided,  the  cnts-off  m  the  medium-pressure  and  low-preasure  cylinders  must 
be  modified.  For  example,  if  the  power  in  the  low-pressure  ^linder  is  too 
small,  the  ont>off  point,  S,  must  be  moved  nearer  to  A,  so  that  the  figure, 
B'S'C'CB,  is  enlarged  at  the  expense  of  the  medium-pressure  diagram, 
H'V'Q'Q'N' 
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CHAPTER  VII. 


The  Indicated  Horse-Poirer  dependa  on  the  u-ea  of  piston,  speed  of  piston, 
and  mean  pressure  exerted  by  the  steam  on  the  piston ;  the  two  latter  are 
variable,  which  may  be  fixed  in  on  arbitrary  way  within  certain  limits,  but 
which  mnst  ^erally  depend  on  the  particular  drcamstances  of  each 
indlTidnal  engine.  It  has  oeen  ahown  in  the  lost  chapter  how  the  mean 
preasare  may  be  calculated  for  a  propoaed  engine;  but  it  ia  necessary  to 
know  befor^iand  ilie  ^>eed  of  piston,  before  any  decision  can  be  made  for 
the  size  of  the  pistons  of  an  engine  to  develop  a  oertain  horse-power. 

nston  Speed. — The  speed  dl  piston  depends  on  the  length  of  stroke  and 
DTiinber  of  revolutions,  and  the  mean  velocity  is  equal  to  twice  the  length  of 
stroke  multiplied  by  the  number  of  revolutions  per  minute. 

Experience  has  shown  i^t  heavy  marine  pistons  may  be  run  safely  at  a 
Telocity  of  900  feet  per  minute,  and,  in  some  instances,  the  pistons  of  some 
large  vertical  engines  in  first-class  cruisers  have  been  run  at  a  velocity  of 
even  1000  feet;  while  higher  speeds  stilt  have  been  attained  in  torpedo-boat 
deatn^ers,  whose  pistons  move,  when  ran  at  express  speed,  at  a  velocity  over 
1200  feet  per  minute.  Although  there  is  no  difficulty  in  causing  a  piston  to 
move  at  even  higher  speeds  thiui  these,  it  is  doubtful  if  there  would  be  any 
advantage  in  doing  so,  and  the  risk  of  causing  serious  damage  to  the  cylinders, 
and  predpitatsng  a  break-down  witJiout  any  warning,  ia  very  great.  There 
is  no  doubt  that  a  well-fitted  piston,  moving  in  a  smooth  and  true  cylinder 
at  a  speed  of  1000  feet  per  minute,  will  work  well  so  long  as  the  rubbing 
aorfacea  receive  a  steady  lubrication  from  the  moiatnre  of  the  steam  or  the  oU 
injected,  and  there  ia  not  the  slightest  fear  of  danger  under  these  drcumstoncea ; 
but  if  a  little  priming  occurs,  and  the  scum  carried  into  the  cylinders  causes 
abrasion  of  tiie  rubbing  surfaces,  an  immense  amount  of  nuachief  may  be 
caused  in  a  few  aeoonda.  Moreover,  when  the  cylindera  wear  a  little  out  of 
ahape  from  one  cause  or  other,  so  that  Uie  packing-rings  will  have  lateral 
motion,  the  danger  increases  with  the  velocity  of  the  piston.  In  the  S&vy 
engines  supphed  with  steam  from  water  tube-boilers  have  no  internal  oU 
lubrication  beyond  what  posses  in  on  the  rod  surfaces ;  ao  that  in  destroyers, 
wboae  pistons  are  moving  at  a  speed  of  20  feet  per  second,  there  is  only  the 
moisture  of  the  steam  to  lubricate  them. 

Although  the  revoIutionB  of  a  screw  engine  may  be,  within  certain  limits, 
aa  few  or  as  many  as  the  designer  chooses,  experience  or  prejudice  has  fixed 
very  doaely  in  practice  the  limits  beyond  which  it  is  not  considered  expedient 
to  go.  In  the  days  of  the  geared  engine,  the  screw  revolved  three  or  four 
times  to  once  of  the  engine,  and  no  objection  was  raised  to  the  small  screw 
and  the  high  number  of  revolutions ;  later  such  a  thing  waa  deemed  very 
objectjonable — on  the  ground  of  excessive  speed  of  piston  by  some  engineers, 
and  ezeeasiTe  friction  in  jouroala  by  otheia.     AJad  also  the  slow-moving 
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engine  was  qnoted  as  a  proof  of  the  ecoQomy  of  slow  piston  speed  and  am&U 
friction. 

The  fine  lines  of  tba  older  stoamshira  admitted  of  the  small  screw,  which 
was  the  acoompanimeDt  of  the  engine,  d;  necessity  geared.  BlofF  ships,  as 
now  built  for  mercantile  purposes,  require  a  mncfa  larger  screw  for  tlie  same 
power  of  engine  and  dimensions  of  hull  than  formerly  obtained ;  and  it  is  not 
to  the  MlotoMMfii  the  pistons  that  they  owe  their  economy,  but  rather  to  the 
smaU  nwmber  of  strokce  per  minate  made  by  them  in  taming  the  lai^ 
screw. 

An  engine  requires  a  oertain  power  to  be  expended  in  moving  it  through 
one  revolvUon  to  overcome  intenikl  reaistanoes ;  if  the  number  of  revolutions 
is  80  per  minute,  this  power  will  be  double  that  at  iO,  and,  roughly,  will 
vary  directly  wiUi  the  revolntdoas.  But  the  resistance  of  the  propeller, 
caused  by  fnction  of  the  water  on  the  surfaoe  of  tiie  blades,  will  increaae 
roughly  as  tiie  square  of  the  revolntionB,  so  that  the  potoer  expended  to 
overcome  this  resistance  at  80  revolntiona  is  eight  times  that  required  at  40 
revolutions.  If  now  the  screw  can  be  so  altered  with  respect  to  pitch  that, 
at  40  revolutions,  the  same  speed  of  ship  is  obtained  as  at  80  revolutions,  the 
indicated  horse-power  will  be  found  to  be  considerably  less ;  and  although 
the  coal  eontttmed  per  LB. P.  will  not  be  less,  and  may  possibly  be  more  than 
before,  t^e  oonsompfdon  per  day  will  be  considerably  less.  ITow,  althoogb 
this  economy  is  oo^ziBtent  with  decreased  piston  speed,  it  is  not  due  to  it. 

The  object  of  a  high  rate  of  piston  velocity  is  to  decrease  the  piston  area, 
and  that  generally  for  the  sake  of  reducing  the  size  of  the  engine.  But  an 
increased  velocity  may  be  obtained  ^ther  by  increasing  the  stroke  of  piston, 
or  by  increasing  the  number  of  revolutions;  if  the  former  method  is 
adopted,  there  ^nll  be  no  decrease  in  the  size  of  ei^ine ;  but,  on  the  con- 
tra^, an  increase  in  space  occupied  and  in  the  weight.  If  a  high  piston 
speed  is  obtained  by  a  high  number  of  revolutions,  a  smaller  cylmder  will 
suffice  for  a  certain  indicated  horse-power  than  if  the  same  piston  speed  were 
obtained  by  length  of  stroke  alone.  In  other  words,  engines  which  are 
required  to  develop  a  certain  power  in  a  minute  will  vary  in  size  of  cylinder 
inversely  as  the  number  of  revolutions  per  minute,  all  ot^er  things  remaining 
constant ;  and  if  the  cylinders  are  of  the  same  dituneter,  the  stroke  will  vary 
inversely  as  the  number  of  revolutionB. 

The  piston  speed  of  many  engines  is  governed  entirely  by  circumstances 
beyond  the  immediate  control  or  will  of  the  designer.  An  example  of  this  is 
the  case  of  the  paddle-wheel  engine  with  vertical  oscillating  cylinders.  If 
the  position  of  me  shaft  is  determined  by  the  structural  arrangemente  of  the 
hull,  as  is  often  the  case,  then  the  diameter  of  the  wheel  is  fixed,  and  the 
speed  of  ship  fixes  the  number  of  revolutions  to  be  made  by  the  wheel ;  the 
length  c£  stroke  of  piston  is  limited  l^  the  distance  from  Uie  centre  of  the 
abiSt  to  the  floors  or  keelson  of  the  ship.  Further,  if  the  engineer  is  free  to 
decide  the  position  of  the  shaft,  any  attempt  to  increase  the  piston  speed  by 
placing  the  shafting  high  is  frustrated  by  ^e  fact  that,  the  higher  the  shaft 
the  larger  will  be  tiie  wheel,  and  consequently  the  fewer  tiie  revolutions.  If 
the  engine  is  inclined,  then  the  designer  may  fix  the  diameter  of  the  wheel 
to  suit  the  revolutions  which  he  deems  most  advisable,  or  he  may  fix  the 
position  <^  shaft  to  suit  tba  ship's  structure,  and  still  be  free  to  choose  tbe 
stavke  of  piston. 

Again,  the  horizontal  engine  must  be  designed  so  as  to  accommodate 
itself  tu  the  space  allotted  to  it  in  tba  ship,  which  means  that  only  a  limited 
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length  of  stroke  U  permUaible.  The  revolntions,  however,  in  this  case  may 
be  varied  oonsideraUy ;  bat  there  is,  after  all,  a  limit  to  Ute  number;  beyond 
this  limit  any  increase  will  result  in  rery  little  gain  in  speed,  and  a  very 
certain  loss  of  efficiency.  If  the  screw  is  of  oomparatively  small  diameter, 
owing  to  tlie  shallow  draught  of  the  ship,  a  higher  number  w  revolutions  llian 
nsual  is  absolutely  necessary  to  project  a  sufficient  mass  of  water  back  to 
propel  the  ship  forward  witii  tlte  necessary  velocity ;  and  it  is  the  mediom 
number,  or  Uiat  number  at  which  the  engine  can  be  ran  Vithout  loss  of 
efficiency  so  as  to  obtain  the  muTimnm  speed  of  ship  that  is  so  difficult  to 
decide,  and  which  can  only  be  determined  with  any  degree  of  certainty  by 
ezperimenL 

The  one  great  feature  which  places  the  vertical  engine  so  much  above  all 
the  other  forms  of  screw  engine,  as  an  economic  and  good  working  machine, 
is  its  superior  length  of  stroke.  Power  for  power,  the  vertical  engine  always 
has  exceeded  the  horizontal  in  this  respect ;  and  although  in  the  practice  of 
the  past  there  was  no  very  great  difference  in  tbia  matter  between  the  two 
types,  the  tendency  is  now  to  make  the  stroke  as  long  as  is  possible  or  con- 
venient in  the  engines  of  all  ships,  and  to  remain  as  before  in  the  horizontal 
engines  of  warships. 

The  advantages  of  the  long  stroke  are  due  to  the  corresponding  decrease 
in  piston  area.  Two  euginee  of  the  same  power,  and  working  at  the  same 
number  of  revolutions,  must  have  the  same  volume  of  cylinder ;  or,  to  speak 
more  correctly,  the  pistons  must  sweep  out  the  same  volume  if  tiieir  efficiency 
is  the  same.  The  crank-shafts  will  be  of  the  same  diameter,  and  the  crank- 
pins,  also,  practically  of  the  same  dimensions.  Now  the  one  with  the  long 
stroke  will  have  smaller  pistons  than  the  other,  consequently  the  totu 
pressure  on  the  pistons  will  be  smaller — and,  in  fact,  is  inversely  proportional 
to  the  stroke ;  consequently,  the  pressure  on  the  guides,  crank-pins,  and 
journals  will  vary  in  the  same  way,  and  the  friction  on  them  correspond  also. 
The  lateral  pressure  of  the  piston  pocking  rings  will  vary  with  the  diameter, 
so  that  any  reduction  in  dimeter  will  produce  a  oorreeponding  reduction  in 
the  friction. 

But,  perhaps,  so  far  as  economy  in  working  is  concerned,  there  is  no  more 
important  consideration  i^n  the  reduction  in  clearance  space  effected  in  low- 
pressure  cylinder  by  the  reduction  in  piston  area.  The  steam  porte  will  be 
nearly  the  same,  whether  the  engine  be  long  or  short  stroke ;  but  the  space 
between  the  piston  and  cylinder-ends  is  very  considerably  reduced,  and  will 
vary  inversely  as  the  length  of  stroke,  because  the  distance  of  piston  frtun 
the  cylinder-ends  is  constant. 

UiTolationB. — Although  there  is  a  very  considerable  range  for-choioe  of 
number  <d  revolutions  of  the  engines  of  most  merchant  st^imers,  there  are 
oertoin  well-defined  limits  beyond  which  very  few  practical  engineers  go. 

Taking  the  nominal  horse-power  to  designate  the  engines,  and  ai£>pting 
tiie  following  rule  to  calculato  it,  D^  being  the  diameter  of  the  high-pressure 
cylinder,  D_  that  of  the  medium,  and  D,  that  of  the  low-pressure  cylinder, 
and  8  the  length  of  stroke,  all  in  inches. 

The  following  is  considered  good  practice  for  the  engines  of  ordinary 
merchant  steamers ;  egress  cross-channel  steamers  exceed  these  oon- 
nderaUy : — 


MANUAL  or  MARINE  ENGlNBEBINa 


V.H,F. 

BtmitaUaM. 

sM.r. 

BSTOlOtkDt. 

».H.P. 

BamlnUoM. 

SO 

M 
M 
SO 

ao 

180  to  200 
100  to  ISO 
ISO  to  ITO 
140  to  160 
ISO  to  ISO 

70 
SO 
90 
100 

lao 

120  to  140 
116  to  186 
110  to  130 
106  to  126 
100  to  130 

140 
180 
200 
360 
npwud. 

100  to  lis 
96  to  110 
06  to  105 
•0  to  100 
80  bo  95 

Very  few  screw  engines  are  now  worked  below  76  revolutions  per  minute 
when  in  good  condition ;  and  it  is  at  Uiis  speed  that  most  of  the  engines  of 
the  lai^  mail  stouners  are  kept  running  on  the  voyage  ao  long  as  the 
weather  permits.  The  engines  of  warships,  for  two  very  good  reasons, 
work  at  much  higher  speeds.  Their  machinery  most  be  light,  and  go  into  a 
small  space,  ao  that  it  is  necessary  to  make  an  engine  of  certain  dimensions 
to  suit  these  conditions,  and  cause  it  to  develop  the  requisite  horse-power  by 
ruDDing  at  a  higher  number  of  revolutions.  The  speed  of  a  warBhip  is  mu<^ 
higher  in  proportion  to  its  size  than  is  that  of  the  merchant  ship,  while  the 
draught  of  water  is  no  more,  and  often  less.  For  these  reasons  the  screw  of 
the  warship  is  small  for  the  power  to  be  developed,  so  that  even  if  large 
anginas  were  admissible  to  drive  the  ecraw,  they  would  be  of  small  advantage, 
aa  they  wonld  have  to  move  at  a  high  rata.  It  will  ba  seen,  then,  that  snudl 
fast-running  engines  are  a  necessity,  and  enteoially  is  this  so  with  modem 
warships,  whether  armoured  or  unarmoureo.  The  latter  must  be  as  fine  as 
possible,  and  every  ton  of  weight  saved  bo  obtun  the  vary  high  speeds  which 
their  service  damaads ;  the  former  demands  every  sacrifice  to  save  weight  in 
machinery,  for  the  sake  of  adding  ib  to  tha  armour  and  armament. 

Since  a  warship  baa  so  seldom  to  steam  at  full  speed,  and  when  she  doaa, 
it  b  only  for  a  short  period,  the  Bbort«troke  fast-running  engine  is  not  so 
vary  objectionable,  and  rigid  economy  ia  quite  a  secondary  consideration  in 
war  qneetions. 

The  Admiralty  have,  for  many  years,  given  up  using  N.H.P.,  and  have 
adopted  I.H.P.  to  designate  tlie  size  of  t£eir  engines.  The  following  table 
^ves  tiie  number  of  revolntiona  at  which  naval  engines  are  nm  on  their 
trial  trips:— 

TABLE  XIIo. 


LE.P. 

TmldBat. 

Torpeilo  Boaba, 
Sloops,    . 

CmiBer,  3rd  Clasi, 
SooDtClw*.    . 
CruiseT,  2ud  CUm, 
Da,     lit     do., 
BMUadup,      . 

600-2000 

1,400 
4,00(^000 
10,000-14,000 

16,000 
16,000-20,000 
92,000-30,000 
16,000-88,000 

460-380 

200 
870-400 
246- 

210 

145 
146-126 
120-110 

1200 

490-450 
700 

300 

soo 

■.  Goo 


.glc 
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135 


The  stroke  i^  horizontal  enginea  v&ried  from  18  iocbes  of  the  irunboat  to 
Si  inches  of  the  large  armonr-c^d,  and  the  vertical  engines  of  the  Kavy  vary 
from  18  inches  in  the  "  destroyers  "  to  61  inches  in  the  flrstKjlass  cruisers  and 
battleebips. 

Length  of  Btnke. — For  very  many  Tears  there  existed  a  standard  scale 
for  the  stroke  of  the  vertical  en^e  of  toe  mercantile  marine,  and  althongh 
tiiere  vas  no  written  law  which  gnided  engineers  in  the  choice  <:£  this 
important  dimension,  it  was  so  well  known  that  only  the  diamefer  of  tiie 
(^Unden  was  mentioned  in  speaking  of  the  site  of  engine,  and  in  most  of  the 
rules  for  nominal  horse-power  nsed  by  manofactnring  engineers  in  their 
dealings  wit^  shipowners,  no  direct  allowance  was  made  for  length  of  stroke. 
With  the  walls  of  the  cylinders  only  jacketed  the  best  relation  of  diameter  to 
stroke  was  as  1  to  1-5.  Even  at  tlie  present  time,  in  some  districts  an  engine 
is  called  a  certain  ff.H.F.  whatever  the  stroke  may  be.  There  is  still  some 
semblance  of  a  standard,  altJiongh  competition  and  difTerences  of  opinion  are 
8t«adily  sweeping  it  away;  soloi^  as  the  expression  N.H.F.  exists,  so  long 
there  must  be  some  standard  stroke  for  every  power  of  engine ;  for  the  rule 
for  K.H.F.,  which  includes  the  factor  l/W,  is  not  sufficient  by  itself,  as  it  is 
manifestly  absurd  to  suppose  tJiat  there  is  only  so  sli^t  a  difference  in  value 
as  would  DC  given  by  this  rule  between  two  engines  whoee  cylinders  are  of 
the  same  diwieter,  while  tite  stroke  of  one  is  double  tltat  of  the  other. 

The  following  Table  gives  the  stroke  corresponding  to  tiie  different 
powers ;  the  one  column  giving  the  standard,  and  the  other  the  stroke  aa 
existing  in  ordinary  everyday  practice : — 

TABLE  XIIL 


H.HJ. 

«?* 

««sssvisu 

M.HJ. 

«:* 

StnikMila 
mmmaainctlx. 

20 

12  ins. 

IS  ins.  to  18  ins. 

140 

S3  ins. 

33  ins.  to  42  ina 

30 

IS  ins. 

18  ini.  to  21  ins. 

160 

33  ins. 

SSioa  to42inB. 

40 

ISioa 

20  ioa.  to  24  uw. 

ISO 

36  ins. 

SO  ins.  to  40  ina 

» 

21  ins. 

24  ina  to  30  ina. 

300 

3«  ina  to  48  ina 

60 

24  uu. 

04  Ins.  to  27  ins. 

39  ins.  to  64  ina 

80 

27iM. 

27  iM.  to  30  int 

300 

42  ins. 

42  ins.  to  B4  ina 

100 

30  ins. 

30  ina  to  36  iu. 

400 

45  ins. 

180 

SOina 

30  ina.  to  39  ina 

GOO 

4Sina. 

48  ina  to  66  ins. 

SiHne  engineers  go  beyond  Hbe  strokes  given  in  the  second  column,  as,  for 
example,  there  are  engines  of  100  N.H.P.,  having  a  stroke  of  48  inches ;  bat 
since,  so  far,  few  have  made  a  practice  of  thos  exceeding  the  old  atandu^I,  it 
is  unnecessary  to  comment  upon  it  further  than  by  saying,  that  such  engines 
will  undoubtedly  work  well,  and  with  economy  both  as  to  ooal  and  working 
expenses,  but  wiD  be  very  costly  in  conatmction. 

The  Cylinder,  to  oalcnlate  the  Diameter  ot. — In  this,  as  in  all  calcula- 
tions based  on  power,  it  is  better  to  deal  with  I.H.P.  than  N.H.P.;  bnt^  as 
has  already  been  shown,  tiie  latter  cannot  always  be  avoided.    Hence,  when 

the  rule  is  N.H.P.  -  — * =? %  *""!  B  is  the  ratio  of  high-pressure 

to  low-pressure  t^Under  capacity,  and  B^  that  of  medium-pressure  to  low- 
preaaore. 


UANITAL  Ot  HARISB  KNOINBBRING. 
Omnpooud. 


H.P.  cylinder}        V      1  +  B  a/TTFTr 

^ }  0) 

Diameter  of   \         /M^TT~7B  f^.U.'P.  x  jf  ^TSTS;] 

L.P.  cylinder/       -^         f^jrit  V^     KRi  +  R  +  Ri  " 

ficampZe. — To  find  the  diameter  of  the  cylinders  of  a  compound  engine  of 
200  N.H.F.  The  allowance  being  30  circular  inches  per  N.H.P.,  and  the 
ratio  of  cylinders  S-5. 

Here  E  =  3-5,  and  F  =  30. 


Tbioa  diameter  of  H.P.  cylinder  =  J  ?—,  f "  "  ^^'^  ""■ 


/200  > 


and  „  L.P.        „       = 

If  the  rule  N.H.P.  -  ^4—*  VSia  to  be  observed 
*^i 

then  diameter  of  H.P.  cylinder  =     ffl-H.P.  x^ 
'  \  (1  +  R)8! 

and 


\     (1  +  R)  a* 


ExampU. — To  find  the  diameter  of  the  cylinders  of  an  engine  of  60 
N.H.P.,  the  stroke  to  be  27  inches,  and  the  allowance  100  per  N.H.P.; 
cylinder  ratio,  3-75. 

HereE-  100;  R  °.  3-76;  V5  «  3. 

Then  diameter  of  H.P.  cylinder  ■•  /Jj-. „     .-s-  20-6  ins. 

,  T  T.  /60  X  100  X  3-75       -.  _  . 

and  „  KP.       „         =  V     (H- 3-75)  3 ^^'^  ^ 

Example. — If  the  stroke  of  the  engine  in  the  first  example  is  to  be  48 
ins.  to  find  the  diameter  of  cylinders. 

By  reference  to  Table  zdii.,  the  standard  stroke  for  200  N.H.P.  is  39  ins. 

Henoe  the  diameter  of  H.P.  cylinder  =  Jj^  x  S6-5»  -  33  ins. 

and  „  L.P.        „        =  J?|  X  68-3S  =  61-6  ins. 

If  the  calculatdona  for  diameter  of  cylinders  are  to  be  made  from  tlie 
indicated  horse-power,  and  the  power  is  equally  divided  between  the  cylinders, 
whose  number  is  n ;  let  R  be  the  number  of  revolutions  per  minute ;  S  the 
stroke  in/eet;  p^  tJie  mean  pressure  in  pounds  per  square  inch. 
.         ,    .  ,                            (I.H.P.  -^  n)  X  33,000 
Area  of  piston  -        -        °       p    xRx8n2 

Coot^lc 


OXLINDKR  TO  CALCDLATB  THE  DUHBTER. 

Then  diameter  of  cylinder  -     /(1-H-F.  -i-  », 

^p.  X  R  X  8  X  J  X 


■VH 


(») 


Example. — To  find  ttie  diameter  of  tiie  two  cylinders  of  a  paddle  engine 
which  is  required  to  develop  1200  l.H.P.  when  working  at  30  revolutiona 
per  minnte ;  tlie  stroke  being  5  feet  and  the  mean  pressure  30  lbs. 

Diameter  of  each  cybnder  =  */= ^ = ^  —  53  ins. 

Example. — ^To  find  tiie  diameters  of  tlie  three  cylinders  of  an  expansive 
screw  engine  to  develop  1600  I.H.P.,  when  working  at  80  revolutions  per 
minnte ;  the  stroke  bei^  3  feet,  and  the  mean  pressure  25  lbs. 

T^        .       ,       ^      ■■   J             /    1,600  X  21,000        ^,  „  . 
Diameter  rf  each  cylinder  -  */  = ^ = ^  =  4l-fl  ins. 

Example. — To  find  the  diameters  of  die  two  cylinders  of  a  compound 
engine  to  develop  1000  I.H.F.,  when  working  at  70  revolutions  per  minute, 
the  stroke  being  42  inches,  and  the  mean  pressures  45  lbs.  in  the  high- 
pressure  cylinder,  and  12  in  the  low-pressure  cylinder. 

Diameter  of  H.P.  cylinder  -  ^J^^Z|W_  _  30-8  ins 

ofL.P. 

Example. — To  find  the  diameters  of  the  cylinders  of  a  compound  engine 
having  one  high-presaure  and  two  low-pressure,  to  develop  6000  I.H.P.,  when 
working  at  55  revolutions  per  minute,  the  stroke  being  72  inches,  and  the 
mean  pressures  35  lbs.  in  the  faigh-pressure  cylinder,  and  20  lbs.  in  each  of 
the  two  low-pressure  cylinders. 

Diameter  of  H.P.  cylinder  =     /^^^L^^  ,  60-3  ins. 

.       .   ,  _  /  6,000  X  21,000         .-  .  . 

»    °'««'hL.P.    „       =  V3x20x6x55°"-^"^ 

Example. — To  find  the  diameters  of  the  cylinders  of  a  tripl&<;omponnd 
engine  to  develop  5000  LH.P.,  when  working  at  80  revoIutLons  per  minnte, 
the  stroke  being  60  inches,  and  the  pressures  in  high-pressure  cylinder  65 
lbs.  in  mean-pressure  cylinder  26  lbs.,  and  in  the  low-pressure  cvlinder 
11  lbs. 


/ 

1,000  X 

21,000 

■V2 

X  16  X 

3-6  X  70 

J- 

1,000  X 

21,000 

Diameter  of  H.P.  cylinder  =  -v  ^~^ 
„        O.M.P.       „        ,J^ 

CT    T,  /     6,000     X 

„     Of  LP.     „    -Vs'xinr 


6,000  X  21,000 


Cooc^lc 
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Haia  Bteam  Pipe. — ^The  main  steam  pipe,  which  supplies  a  cylisder  with 
steam,  should  be  of  such  a  size  that  tbe  mean  veloci^  vS  flow  Uiroug^  it 
does  not  exceed  8000  feet  per  minuto.  When  this  is  not  exceeded,  the  loss 
of  pressure  between  the  boiler  and  the  valve-chest  is  very  slight  indeed. 
If,  however,  the  v&lve-cheet  is  large,  and  l^e  cutoff  in  the  cylinder  is 
Ix^ore  half-stroke,  the  area  ol  transverae  section  of  this  pipe  may  be  smaller 
than  given  by  the  above  mle,  inasmuch  as  tiie  piston  speed  is  below  the 
mean  velocity  at  the  early  part  of  the  stroke,  ana  the  space  in  the  steam- 
chest  acts  as  a  reservoir  for  steam,  so  as  to  keep  up  a  steady  supply  during 
admission.  If  the  space  is  not  leas  than  one-h&lf  Uie  volume  swept  tiirough 
by  the  piston  at  cutK>9^  the  velocity  of  steam  in  the  pipe  may  be  aMwned 
to  be  9O0O  for  engines  of  160  N.H.P.  to  250  H.H.P.,  and  10,000  for  those 
above  that  power ;  for  smaller  engines,  owing  to  the  comparatively  larger 
resistances  of  small  pipes,  it  is  not  advisable  to  take  a  higher  speed  than 
8000.  On  the  other  hand,  if  the  ciitK>fr  is  later  than  half-stroke,  and  the 
valve-bos  small,  the  assumed  velocity  should  be  at  least  10  per  cent,  less 
Ulan  that  given  above. 

Taking  8100  feet  as  the  mean  velocity,  S  the  mean  speed  of  piston  in 
feet  per  minute,  and  D  the  diameter  of  the  cylinder,  then, 

Diameter  of  main  steam  pipe  =  „A       -.    —  jrr  -M. 

Examph. — To  find  the  diameter  of  the  main  st«am  pipe  to  a  cylinder 
iS  inches  diameter  and  60-inch  stroke,  the  revolutions  at  full  speed  to  be 
60  p^  minute. 

Here  S-2x6x60-  600,  and  D  -  46  inches.    Therefore, 

Diameter  of  main  sleam  pipe  —  ^  V600  =  1S-S6  ius. 

When  the  main  steam  pipe  is  abnormally  long,  as  is  the  case  with  large 
ships  with  long  boiler  rooms,  the  steam  pipe  should  be  somewhat  larger. 

Area  through  Stop  and  Throttle  Valvee. — Although  the  loss  of  pressure 
at  the  valve-box  is  often  attributed  to  want  of  Becti(mal  area  in  Uie  main 
steam  pipe,  it  is  more  frequently  due  to  contracted  area  past  these  valves. 
The  friction  through  a  number  of  small  openings  is  considerably  more  than 
through  one  of  an  area  equal  to  the  collective  areas  of  those  openings, 
especially  if  the  perimeters  of  the  latter  lai^y  exceed  that  of  the  single 
OT>ening,  and  the  "  loss  of  head  "  will  be  lai^  if  due  allowance  is  not  made. 
For  this  reason  there  should  always  be  an  excess  of  area  around  valves  and 
other  obstructions  to  the  free  passage  of  steam,  and  the  passages  leading  to 
and  from  them  should  be  as  easy  as  possible,  so  as  to  avoid  violent  changes 
both  of  direction  and  velocity  of  flow. 

Steam  Forts  and  Passages. — Since,  in  most  engines,  the  steam  has  to 
exhaust  through  the  same  ports  and  passages  by  which  it  was  admitted, 
their  size  must  be  governed  by  the  proper  flow  <i  emission,  rather  than  of 
admission.  The  area  of  section  of  steam  ports  should  be  such  that  the 
mean  velocity  of  flow  should  not  exceed  6000  feet  per  minuto.  The  ports 
may  he  somewhat  larger  than  the  section  of  the  passages  when  certain  kinds 
of  valves  are  used,  which  will  be  dealt  with  later  on ;  but,  aa  a  mle,  they 
have  the  same  area  as  the  sectional  area  of  the  passages.  To  avoid  excessive 
clearance,  the  capacity  of  the  pass^es  should  be  as  small  as  possible  con- 
sistent with  free  flow  of  steam,  and  as  this  depends  greatly  on  their 
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seddoDftl  area,  the  rednddon  in  capacity  can  only  be  attained  by  making 
them  as  sbort  as  possible.     Kot  only  will  the  evila  arising  from  elearanea 
be  avoided,  but  the  loss  ttirongh  reaistanoe  be  very  materially  lessened  by 
shortening  t^e  distance  between  tJie  valve  face  and  cylinder. 
Area  of  steam  ports  and  of  section  through  passages 
Area  of  piaton  x  speed  of  piston 

6000 
(Diameter  of  cylinder)*  x  speed  of  piston 

755S 

OpenJng  of  Port  to  Steam. — It  is  advisable  so  to  design  the  valve,  Ac, 
that  the  opening  for  admission  of  steam  to  the  cylinder  is  sufficient  to  avoid 
any  serious  Ices  by  "  wire-drawing ;"  but  in  actual  practice,  unless  special 
gearing  is  designed  so  as  to  give  a  quick  motion  to  the  valve  at  the  instant 
of  cut-off,  there  is  very  considerable  loss  of  pressure  shown  on  the  indicator- 
diagiam  ;  and,  what  is  worse  still,  from  deficient  opening,  the  loss  is  generally 
not  limited  to  tbe  period  of  cnt-o^  but  during  the  whole  time  of  admission. 
The  ordinary  valve  gears  do  not  give  tliat  quick  motion,  either  at  opening  or 
at  cut-off,  which  is  such  a  desideratum.  Separate  expansion  valves  and  special 
v^ve-gearings  admit  of  such  a  motion,  and  consequently  the  opening  to 
steam  with  them  may  be  smaller  tbui  when  cut-off  is  efiected  by  the  ordinary 
slide-valve  and  link-motion. 

Hence,  when  only  common  valves  and  gear  are  to  be  used,  the  area  of  open- 
ing to  ste&m  when  at  its  greatest  should  be  such  tiiat  the  mean  velocity  of  flow 
does  not  exceed  10,000  feet  per  minute.  When  expansion  valves,  or  special 
valve-gearing,  is  used,  the  mean  velocity  mav  be  assumed  at  12,000  feet, 
although  it  is  better  to  give  such  an  amount  of  opening,  when  possible,  that 
the  velocity  shall  not  exceed  10,000  feet  In  actual  practice  the  amount  of 
opening  is  often  much  less  than  that  given  by  the  above  rules,  but  it  always 
results  in  loss  of  pressure  in  the  cylinder  tbix>ughont,  and  excessive  "  wire- 
drawing "  previous  to  cut-off. 

Exhtuat  PasBages  and  Flpes.^ — The  area  of  section  of  exhaust  passages 
should  be  such  that  the  mean  velocity  of  steam  does  not  exceed  600D  feet 
per  minute,  and  if  the  distance  from  the  cylinder  to  the  condenser  is  com- 
paratively great,  a  somewhat  larger  area  is  advisable.  There  should  not  be  a 
greater  difference  than  11  lbs.  between  the  pressure  in  the  cylinder  and  that 
in  the  condenser  when  exhausting. 

The  exhaust  passages  from  the  high-pressure  cylinder  of  a  compound 
engine  to  the  next  cylinder  should  be  suoh,  that  tbe  flow  of  steam  does  not 
exceed  6000  feet  per  minute,  in  order  that  tiie  difference  between  the  pressure 
during  admission  in  the  medium-pressure  cylinder  and  exhaust  in  the  high- 
pressure  cylinder  may  not  be  excessive,  and  also  &om  the  medium-pressure 
to  the  low-pressure  cylinder  the  nominal  rate  of  exhaust  should  not  exceed 
5000  feet  The  pressure  in  the  receivers  is  not  sensibly  constant,  as  it  is  in 
tfae  ooodenser,  bong  subject  to  sudden  fluctuation  when  the  high-pressure 
TOlve  opens  to  exhaust  and  the  medium-pressure  valve  opens  to  lead,  and 
soon. 

'i'be  following  table  gives  the  relation  between  the  various  passages,  Ac, 
and  the  piston  in  accor&nce  with  the  forgoing  rules,  and  is  based  on  the 
assumption  of  a  mean  velocity  of  flow  of  8000  feet  per  minute  for  iha  main 
stetun  pipe,  12,000  for  opening  to  steam,  and  6000  for  exhaust ;  A  is  the  area 
<d  piston,  and  D  is  ite  diameter : — 
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+  11. 

200 

0158 

0-182 

0-026 

0-0167 

0-0333 

260 

0177 

0-204 

00313 

0-0208 

00417 

300 

0-194 

0-223 

0-0375 

0-0260 

0-0600 

0'209 

0-241 

0-0437 

400 

0-224 

0-268 

0-0500 

0-0333 

0-0667 

450 

0-274 

0-O376 

0-0750 

BOO 

0-250 

0-288 

0-0626 

0-0416 

00833 

fiSO 

0-262 

0-302 

0-0687 

0-0468 

00917 

600 

0-274 

0-316 

0-0750 

0-0600 

0-1000 

650 

0-285 

0-329 

0-0812 

00541 

0-1083 

700 

0-29S 

0-341 

0-0876 

0-0583 

0-1167 

760 

0-0937 

0-0625 

0-1250 

800 

0-318 

0-366 

0-1000 

0-0667 

0-1333 

860 

0-328 

0-376 

0-1062 

0-0708 

0-1417 

900 

0-336 

0387 

0-1126 

0-0750 

0-1500 

950 

0344 

0-397 

0-1187 

0-0791 

0-1683 

0-353 

0-400 

TABLE  XIYa.— Wbiqbt  of  Steau  in  Lbs.  at  100  Lbs.  Pbbbsubb 
Dblivkbbd  tbbodgh  Fifes  with  a  Drop  of  1  Lb.  onlt. 


Bt,  E. 

C.  SickUi. 

L«Dt(h  o(  Hp«. 

un. 

60  Ft 

TlFl 

100  Ft 

lUPt 

uon. 

mFt 

4-40 

3-10 

2-54 

2-20 

1-96 

1-79 

1-66 

H   •• 

9-76 

6-90 

5-83 

4-36 

3-93 

3-69 

13-04 

9-20 

7-69 

6-62 

8-83 

6-33 

4-96 

30-54 

21-60 

17-60 

15-20 

13-60 

12-50 

11-68 

50-80 

36-90 

K9 

M\ 

25-40 

22-70 

20-80 

19-20 

65-17 

46-00 

98-30 

69-50 

138-1 

97-60 

73-80 

*h 

187-9 

132-9 

102-0 

255-6 

180-7 

136-8 

229-1 

618-8 

437-0 

330-0 

890-0 

629-0 

472-0 

1206 

553-0 

644-0 

1692 

1126 

851-0 

11 

2046 

1447 

1093 

12 

2676 

1887 

■■ 

1428 
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In  navaJ  and  oUi6r  ships  the  engines  of  which  ora  only  oocasioiially,  &ud 
for  short  periods,  ran  at  fall  speed,  so  that  high  efficiency  at  those  timea  is 
not  of  first  consideTation,  ^e  exhaust-pipe  to  the  condenser  may  be  of  sach 
a  size  that  the  flow  is  8000  feet  in  luge  engines  and  7000  feet  in  smaller 
ooee ;  the  exhaust-pipes  from  cylinder  to  cyJindor  may  be  oorrespondingty 
reduoed,  as  may  also  the  ports,  &o. 

Cylinder  Luer. — In  order  that  a  gnitable  material  may  be  supplied  to 
resist  tlie  robbing  action  of  the  piston  without  wearing  away,  and  one  that 
shall  be  capable  M  taking  and  retaining  a  polished  smface,  so  as  to  minimiBO 
the  friction  of  the  piston,  and  which,  when  worn,  may  be  easily  and  cheaply 
renewed,  an  inner  bush  or  false  barrel  is  fitted,  osually  called  the  cylinder 
Itn«r.  This  liner  should  be  made  of  a  hard,  close-grained  metal  having  con- 
siderable strength,  bat  not  so  hard  as  to  resist  t^e  action  of  a  cutting  tool  or 
file,  and  capable  c^  taking  and  keeping  a  polish  when  rabbed  by  the  piston- 
ringa  lubricated  with  soft  water ;  it  should  also  be  such  that  the  expansion 
caused  by  heat  is  very  nearly  the  same  as  the  cast  iron  of  which  the  cylinder 
itself  is  niade.  It  is  usual  to  make  these  liners  of  cast  iron,  strengthened, 
closed,  and  hardened  by  miTriTig  with  it  oertain  kinds  of  pig  iron,  or  by  the 
addition  ci  a  small  quantity  of  st«el  (vide  Chap,  xxii),  The  Admiralty 
prefer,  for  horizontal  engines,  the  liners  to  be  made  of  forged  Bt«el,  hammered 
out  to  a  proper  siee  for  boring ;  and  some  engineers  use  cast  steel.  Although 
the  steel  gives  good  results,  it  can  be  eqoaUed  by  the  speciaUy-made  cast  iron, 
so  far  as  good  wearing  is  concerned,  but,  of  course,  it  for  exceeds  cast  iron  in 
tensile  strength ;  this  latter  quality  is  necessary  to  a  higher  degree  for  the 
horizontal  engine  than  for  the  vertical  engine,  so  that  the  Admiralty  are 
justified  in  going  to  the  expense  of  the  steel,  more  especially  as  it  enables 
them  to  fit  much  lighter  liners  than  wonld  be  admissible  if  mode  of  cast  iron. 
In  the  merchant  service,  with  the  vertical  engine  the  cast-iron  liner  does 
exceedingly  well,  and  is  not  likely  to  be  superseded  by  steel,  even  if  this 
material  can  be  manufactured  much  cheaper  than  at  present.  Liners  are 
usually  made  with  an  inside  flange  at  the  bottom  end  (fig.  39),  which  fits  into 
a  recess  in  the  cylinder  end,  and  is  secored  there  by  terevyboltt.  The  upper 
end  is  tamed  for  a  few  inches,  so  as  to  fit  tightly  into  the  cyhnder  shell  at 
that  part.  The  joint  at  t^e  cylinder  bottom  is  made  with  red-lead  paint, 
while  leakage  between  the  liner  and  the  cylinder  shell  b  prevented  at  the 
other  end  by  staffing  a  few  rounds  of  gasket,  rope,  or  Tuck's  packing  into  a 
recess  formed  for  Uiat  purpose,  and  preventing  it  from  coming  out  by 
securing  a  flat  wrou^t-iron  ring  to  the  liner  so  as  to  cover  the  packing. 
Sometimes  in  lieu  of  a  staffing-box,  the  outer  edge  of  the  liner  and  the  edge 
of  the  turned  part  of  the  cyhnder  shell  are  champhered  so  as  to  form  a 
groove  J  into  this  groove  a  turn  of  Tack's  packing  or  asbestos  rope  is  pressed 
with  a  ring  as  before.  Some  engineers,  preferring  to  rely  on  metallic  contact, 
turn  a  slight  recess  instead  of  chompbering  the  Mge  of  the  liner,  and  eaulk 
into  it  a  strip  of  soft  copper.  The  Admiralty  method  of  making  a  steam- 
tight  joint  at  the  outer  end  of  the  liner  is  by  means  of  a  flat  copper  ring 
covering  the  joint  and  secured  to  the  liner,  as  also  to  the  cylinder  by  means 
of  iron  rings  and  screw  bolts.  The  copper  ring  is  deeply  grooved  between 
these  iron  rings  so  as  to  permit  of  a  slight  movement  of  the  liner  endways 
with  respect  to  the  <^Under  {vide  fig.  29aJ,  The  liners  are  sometimes  secured 
without  a  flange  at  ute  bottom,  by  screwing  studs  through  the  cylinder  shell 
and  liner,  and  making  the  ends  steam-tight  as  before. 

The  space  between  the  liner  and  shell  should  not  be  less  than  1  inch,  and 
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vaa.j  be  filled  with  steam  ao  as  to  heat  the  steam  during  exMnsion.  If  the 
cylmder  has  to  be  jacketed,  this  is  really  a  bettor  plan  of  doiDg  it  than  by 
casting  the  cyUnder  and  inner  cylinder  together,  as  ma  tbtv  generally  dona 
formerly.  Independently  of  the  advanta^  derived  from  the  harder  metal 
of  irhich  the  hner  may  be  mode,  oompared  vith  that  which  is  nutable  for  so 
intricate  a  casting  as  a  cylinder,  there  is  another  Tery  great  advantage  to  the 
maniifoctarer.  Since  it  is  a  necessity  that  the  walls  of  the  cylinders  be 
HOnnd  and  tree  from  sponginess,  as  well  as  blow-holes,  a  casting  has  ofton  to 
be  condemned  for  a  defect  which  in  no  way  detrocte  from  its  atrengtil  or 


F[g.  29.— Section  Ihroagh  Cylioder.         Fig.  29a.— Admiralty  Method  of  Fitting  Linen. 

usefulness,  excepting  that  it  doea  not  admit  of  the  piston  working  on  it 
steam-tight.  If  a  liner  is  to  be  fitted,  a  little  eponginess,  or  even  a  blow-hole, 
ia  of  no  consequence,  and  therefore  the  extra  cost  of  fitting  a  liner  does  not, 
as  a  rule,  exceed  the  reasonable  premium  which  woold  be  allowed  for 
assuring  good  and  sound  coatings ;  and  this  is  eepecialty  bo  in  the  case  of  large 
oylinders. 

Fitlse  Faces. — For  the  same  reason  that  liners  are  fitted  to  the  cylinders, 
the  cylinder  face  needs  a  false  face.  This  is  usually  made  of  hard,  close- 
grained  cast-iron,  of  the  same  quality  as  the  liner,  and  secured  to  the  cvlinder 
(fig.  29)  by  brass  screws  having  ehcett  heads  sunk  in  a  recess,  so  as  to  be  con- 
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fliderably  Wow  the  snrfaoe.  Care  should  be  taken  to  lock  thene  acrews,  so 
tiiat  tbej  c&iuiot  alack  back  ;  the  simplest  way  of  doing  this  is  to  cnt  a  slight 
nick  in  tiie  side  of  the  reoess,  and  caulk  or  drift  the  metal  of  the  aorewhnd 
into  it,  after  the  screw  is  tightened  in  place. 

False  faces  were  sometimes  mode  of  hard  gno-metal  or  pbosphor-brcmze, 
especially  in  tbe  engines  of  warships.  The  saperior  strength  <d  these  metals 
orer  cast  iron  admits  of  the  face  being  much  thinner,  but  besides  being  much 
more  expensive,  there  is  great  risk  of  damage  to  ihe  cylinder  itself,  owing  to 
the  greater  expansion  by  beat  of  the  bronzes ;  and  they  never  permit  of  mob 
a  good  working  surface  as  does  cast  iron ;  and  eroQ  if  this  danger  is  slight, 
some  difficulty  has  been  experienced  in  keeping  the  joint  between  the  two 
metals  steam-tigbt. 

By  connecting  the  recesses  for  the  serewheada  with  grooves  cat  in  the 
face,  the  rubbing  surfaces  are  well  lubricated,  and  a  considerable  amount  of 
relief  given  to  the  valve  itself  by  the  reduction  of  the  effective  pressure  <m  it, 
canaea  by  the  steam  flowing  through  these  grooves,  Ac. 

The  ocMmers  of  the  porta,  both  in  the  taiae  face  and  cylinder  face,  should 
be  well  rounded,  as  the  casting  is  very  apt  to  crack  if  they  are  sharp. 

The  Width  of  the  Steam  Ports,  in  the  direction  parcel  to  the  cylinder 
bottom,  is  usually  0-6  to  08  of  the  diameter,  but  engines  of  longer  stroke 
than  usual  require  a  larger  proportion  tban  this  to  obtain  the  necessary  port 
area  without  having  excessive  length  (measured  in  direction  parallel  to  tbe 
axis).  It  is  obvious  that,  at  the  cylinder  bore,  the  width  <A  port  cannot 
exceed  the  diameter,  and  must  really  be  somewhat  less ;  in  actual  practice  it 
seldont  exceeds  08  of  tbe  diameter ;  but  at  tbe  cylinder  face  it  may,  and 
sometimes  does,  exceed  the  diameter,  the  length  being  such  tiiat  the  area  of 
section  of  the  passage  is  uniform  throughout. 

PlBton  Valves. — If  tbe  very  broad  cylinder  face  is  bent  into  the  form  of  a 
nrlioder,  there  will  be  tbe  same  area  of  orifice,  while  the  space  occupied  in 
(Urection  <d  the  width  of  Uie  port  is  less  than  one-third  of  that  required  for 
the  flat  &ce.  The  valve  for  such  a  face  must  be  cylindrical,  or  composed  of 
two  dronlar  discs  or  pistons  having  the  same  depth  of  edge  as  there  would  be 
of  bearing  surfoce  at  each  end  cj  the  ordinary  slide-valve.  Sudi  a  valve  (fig.  88 
in  Chap,  xiii.}  is  called  a  pitton-valve,  and  b«sideB  posaessing  the  advantage  of 
occupying  little  space,  bfis  the  more  valuable  one  of  being  free  from  lateral 
pressure,  requiring  no  balancing  or  relief,  and  moving  with  tbe  least  resist- 
ance of  any  slide-valve.  For  these  reasons,  the  piston-valve  is  an  exceedingly 
good  form  when  high  preasuree  of  steam  are  nsed  and  for  very  lai^  engines. 
It  is  a  very  general  thing  among  some  engineers  to  fit  a  piaton-volve  to  the 
high-preeeure  cylinder  of  compound  engines  of  all  sizes,  and  nearly  all  engineers 
fit  a  piaton-volve  to  the  high-pressure  cylinder  of  triple-compound  engines  of 
all  sizes ;  many  makers  also  fit  the  medium-pressure  cylinder  with  piston- 
valves,  and  a  few  fit  them  to  all  three  cylinders,  especially  of  large  engines, 
and  of  engines  running  at  high  revolutiona,  oa  in  toipedo  boat  destroyers. 
The  earliest  compound  engines  of  Woolf,  made  in  the  early  years  of  the 
nineteenth  century,  had  piston-valves. 

Donble-Ported  TalTeB. — Although  there  is  of  necessity  only  one  opening 
of  tbe  steam  passage  into  the  cylinder,  there  maybe  two  or  more  openings 
Uvfough  the  cylinder  face  into  the  ateam  passage.  The  combined  area  of  these 
openings  need  not  materially  exceed  that  of  tbe  section  of  the  passage,  and 
usually  only  equals  it ;  but  as  eath  will  be  open  to  steam  by  the  some  amount 
OS  tlu  single  port,  if  the  valve  has  the  same  travel,  lap,  ic,  the  total  opening 
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is  in  this  cue  doable  that  of  the  single  port  for  a  donble-ported  face,  aoA 
treble  for  a  treble-ported  fooe.  'Wbeii  tiie  fiwe  is  treble-ported,  the  tbIts  is 
generally  amnged  so  ss  to  admit  steam  tbrongh  all  uuee  ports,  but  to 
exbanat  through  two  only,  as  there  is  seldom  any  difficulty  in  getting  full 
opening  to  exhaust. 

Steam  Jackets. — ^It  is  not  neceesary  here  to  enter  into  tlie  (question  of  tiie 
eoonomy  of  steam-jaoketing.  If  the  eoonomy  is  doubted,  it  is,  at  least, 
certain  that  it  admits  of  t^e  cylinders  being  gently  warmed  before  starting, 
without  moving  the  working  parts.  It  was  oustomary  at  one  time  to  form  a 
jacket  around  Uie  cylinder  by  oattrng  it  with  two  tiiiokneeBee  of  metal ;  but 
this  was  often  inconTement,  and  always  risky  to  the  moulder.  Now,  when  a 
jacket  is  desired,  a  loose  liner  is  fitted.  When  tlie  engines  ore  of  short  Bt3x>ke, 
the  ends  present  almost  as  large  a  surface  to  the  steam  as  do  the  walla,  and 
should  be  jacketed  if  the  jacketing  is  to  be  effeotiTe.  For  stxengtli  of  struo- 
tare,  too,  all  large  cylinders  should  have  hollow  bottoms  and  covers,  as 
stifTening  them  witb  webs  is  not  always  sufficient,  and  is  in  some  cases  of 
iron  castings  even  a  source  of  danger.  It  the  presanre  is  on  the  some  side 
oa  the  webs,  t^ey  are  safe  and  do  add  to  the  strength  of  etmcture ;  if  on  tiie 
opposite  side,  tiiea  they  are  in  tension,  and  their  outer  edge  liable  to  extreme 
tension ;  so  that  if  tbere  be  a  nick  or  other  such  defect  from  which  to  start  a 
crack,  or  if  subject  to  a  sudden  application  of  the  stress,  tiie  outer  edge  is  apt 
to  crack,  which  will  develop  and  spread  into  the  main  body  of  metal,  finally 
causing  serious  damage.  iW  arisee  from  the  fact  of  cast  iron  poasessing  so 
low  a  power  of  resisting  stress  in  tension,  compared  with  its  power  against 
cmnpression.  Care  should  be  taken  to  tboronghly  drain  the  steam  jackets, 
and  to  this  end  no  webs  should  so  be  placed  as  to  stop  the  fiow  of  water  to 
the  drain-cocks.  Hie  steam  snpplied  to  tJie  jackets  of  tiie  low-pressure 
cylinder  should  not  much  exceed  in  pressure  that  in  the  receiver ;  for  this  pur- 
pose, a  reducing  valve  is  fitted  between  the  boiler  supply  pipes  and  the  jacket. 

Boring  Holes. — The  diameter  of  tiie  boring  hole  depends  genemlly  on  the 
size  of  the  boring  bar  employed,  and  should  not  be  less  ihaa  one-fifth  the 
diameter  of  the  cylinder.  When  Uiere  is  a  single  piston-rod,  the  stuffing-box 
is  formed  in  the  cover  of  the  boring  hole.  When  there  are  two  or  more 
piston-rods,  the  boring  hole  should  be  large  enough  to  admit  a  man ;  and, 
tbereforcy  not  less  than  14  inches  diameter,  and,  when  possible,  16  inches 
diameter.  The  doors  are  Bometimea  mode  with  the  flange  fitting  into  a 
recess  iruide  the  cylinder,  so  that  the  piston-rod  may  be  drawn  from  tlie 
cylinder  with  the  piston  ;  when  this  is  required,  the  boring  hole  most  be  oi 
sufficient  diameter  to  admit  of  the  piston-rod  end  drawing  through  it. 

Aoxiliuy  Talves. — To  render  engines  handy — whose  main  valves  cut  off 
at  a  somewhat  early  period  of  the  stroke,  and  compound  engines  having  only 
one  cylinder,  into  which  steam  is  admitted  direct  from  the  boiler — so  that 
they  may  be  started  from  any  position  of  the  cranks,  it  is  necessary  to  arrange 
the  gear  so  that  the  valves  may  be  worked  by  huid,  or  else  to  fit  smaller 
valves,  which  may  be  readily  worked  by  the  engineer ;  these  are  called 
auxiliary  valves,  and  should  luve  a  port  area  equal  to  0-002  the  area  of  the 
piston.  It  is  only  usual  to  fit  such  valves  to  the  low-pressure  cylinder  of 
compound  engines  having  a  cut-off  not  earlier  than  half-stroke ;  when  the 
cut-off  is  earher  than  this,  they  ore  fitted  to  both  cylinders,  and  ore  usually 
of  the  same  size — viz.,  the  port  area  0-002  the  area  of  low-pressure  piston.  A 
carefol  engineer  having  an  auxiliary  valve  to  the  high-pressure  cylinder  need 
never  use  that  on  the  low-pressure  cylinder. 
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Thre&cntnk  triplfr«ompoDnd  enginea  ore  often  fitted  wiUi  aD&nxiUary  slide 
ralve  to  the  low-pressure  cylinder,  but  it  is  not  necessary;  pus  cocka  or 
valves  to  admit  steam  to  the  medium-pressure  and  low-pressure  Tolre-boxea 
are  quite  saScdent  to  ensure  handiness. 

These  anxiliary  vaires  are  usually  onlv  flat  plates,  without  even  an  exbanat 
cavity ;  bat  for  large  engines  they  should  be  piston  valves,  or  other  form  of 
b^anced  valve. 

Escape  or  BeEef  ValTei.— These  are  dmpljr  spring-loaded  safety  valves, 
to  allow  of  the  escape  of  water  caused  by  priming  or  condensation  when  the 
piston  presses  it  to  one  end  of  the  cylinder.  They  are  fitted  to  each  end  of 
the  high-pressure  cylinders  of  all  marine  engines  of  30  N.H.F.  and  upwards. 
It  ia  sufficient  in  vertical  engines  if  there  is  only  an  escape  valve  at  the 
bottom  of  the  medium-pressure  and  low-pressure  cylinders.  The  diametfir  of 
these  valves  should  be  one-flfteentii  the  diameter  of  the  cylinder  (the  low- 
pressare  of  a  compound  engine  being  token).  In  the  Navy  it  is  usual,  with 
horizontal  engines,  for  all  large  cylinders  to  have  a  pair  <a  escape  valves  at 
each  end. 

Drain-CockB. — These  should  be  placed  wherever  any  water  is  likely  to 
accomulate  in  the  cylinder  and  casings,  and  shouM  be  0*4  the  diameter  of 
the  escape  valves.  They  should  be  oonnected  to  a  pipe  leading  into  the 
condenser  bottom ;  for  if  led  to  the  bilge  the  engine-room  is  filled  with  steam 
when  open,  and  the  receiver  and  low-pressure  cylinder  will  seldom  drain — in 
fact,  during  the  greater  part  of  the  stroke,  instead  of  letting  water  out,  they 
let  air  into  the  low-pressure  cylinder  and  spoU  the  vacuum.  Care  should  be 
taken  when  the  drain-pipe  ia  led  to  the  condenser  that  the  water,  Ac.,  does 
not  impinge  on  the  tubes,  or  even  on  the  condenser  sides,  so  as  to  do  serious 


Beceiver  Space. — ^The  space  between  the  valve  of  the  high-pressure 
(^Under  and  tiuit  of  the  medium-pressure  cylinder,  and  that  between  the 
valves  of  the  medium-pressure  and  the  low-pressure  cylinders,  should  be 
from  0'6  to  I'l  times  the  capacity  of  the  exhauatiDg  cylinder,  when  the 
GTOoks  are  set  at  on  angle  of  120°.  When  the  cranks  are  opposite  or  nearly 
so,  this  space  may  be  very  much  reduced.  The  pressure  in  the  medium- 
presanre  receiver  Mionld  never  exceed  07  the  boiler  pressure,  and  is  gener- 
ally much  lower  than  this.  It  is  usual  to  fit  a  safety  valve  to  the  low-pressure 
receiver,  loaded  by  weight  or  spring  to  a  pressure  of  20  to  30  Iba.  per  square 
inch  ;  otherwise,  owing  to  tite  large  flat  sides  between  the  two  cylinders,  and 
in  the  valve  box  when  a  flat  valve  is  employed,  great  risk  of  explosion  would 
be  run.  This  safety  valve  ia  usually  of  the  same  size  and  design  as  the 
cylinder  escape  valves.  The  receivers  of  tJiree^nttnk  compound  engines  need 
not  be  laner  than  the  above,  as  the  orauka  are  usually  at  angles  of  120° ;  in 
the  case  of  triple-compound  engines  with  the  medium-preaenre  leading  the 
high-pressure,  a  smaller  receiver  will  do. 

Colonui  Fadngs  and  Feet — It  was  very  usual  at  one  time  to  form  only 
facings  for  ihe  jointing  of  the  cylinder  to  the  frames  and  columns ;  but  as 
this  necessitated  the  use  of  studs,  or  else  driven  bolts  with  the  heads  inside 
the  cylinders,  it  is  now  abandoned,  distinct  projections  or  feet  being  cost  to 
tiie  cylinder  bottom,  having  flanges  corresponding  to  those  on  the  eolumna 
or  frames,  so  that  they  may  be  connected  hy  driven  bolts,  which  are  always 
aoceesible.  The  only  objections  to  this  method  are,  that  it  is  more  expensive 
to  mould,  uid  a  certain  amount  of  risk  is  run  of  getting  the  casting  sound 
and  strong  where  the  feet  meet  the  main  casting.    The  former  should  be 
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disregarded  in  conBidering  so  important »  part  as  the  cylinder,  and  Uie  latter 
is  alvays  avoided  by  a  good  moulder 

Great  csre  should  be  exercised  in  decdgning  iheae  colnmo  feet,  for  throngh 
them  the  whole  force  of  the  steam  on  me  cover  (which  ia  equal  to  that  on 
the  piston)  is  transmitted;  and  as  the  load  is  a  recurrent  one  and  always 
applied  suddenly,  very  ample  section  of  metal  ahoold  be  provided  to  sustain 
it.  The  area  of  section  Uirough  these  feet  should  be  such  that  the  stress 
does  not  exceed  600  lbs.  per  square  inch ;  that  i^  the  area  in  square  inches 
is  not  less  than  that  given  by  dividing  t^e  maxitnutn  load  on  t^e  piston  in 
pounds  by  600.  The  webs  from  the  flanges  of  the  feet  should  be  well  spread 
over  the  cylinder  bottmn  and  towards  tiio  sides,  so  as  to  distribute  the 

Holding-down  Bolts. — The  bolts  oonneoting  tha  cylinder  to  the  columns 
or  frames  should  be  such  that  the  stress  on  them  does  not  exceed  4000  Iba. 
per  square  inch,  taking  the  section  ek,  the  bottom  of  the  thread,  and  when 
tiiere  is  a  large  numbw  of  comparatively  small  size  it  should  not  exceed  3000 
lbs.  per  square  inch  («.  Table  xlvi.). 

Horizontal  Cylindere. — In  addition  to  the  facings  or  feet  for  connecting 
to  frames,  additional  feet  are  neoessary  for  the  cylinders  of  borisontal  enginea 
to  rest  on  and  be  secured  to  the  engine  bed.  Theao  feet,  too,  should  have 
webs  so  arranged  as  to  distribute  the  strain  cansed  by  the  reaction  from  tiie 
weight  of  the  cylinder,  pistons,  Sx.  The  front  part  of  the  cylinder  should 
be  rigidly  bolted  down,  while  the  back  end,  especially  of  long  cylinders, 
should  be  field  dotan  only,  and  be  free  to  move  horizonially  when  expanded 
by  the  heat.  But  sinoe  cast  iron  will  expand  only  one-tenth  of  an  inch  in  6 
feet,  by  an  increase  of  180'  Fahr.  of  temperature,  there  is  seldom  need  to 
make  any  special  provision,  beyond  boring  the  holes  for  the  bolte  rather 
larger,  or  making  i^em  dightly  oval  in  the  cylinder  feet. 

DUgonal  CymiderB. — ^I^e  ^t  of  the  cylinders  of  a  diagonal  engine  often 
eerre  the  double  purpose  of  supporting  their  weight,  and  transmitting  the 
strains  to  the  framing ;  for  this  purpose  thoy  should  be  as  nearly  as  possible 
in  a  plane  passing  throngh  the  axis  of  the  cylinder,  and  exceptioni^ly  long, 
with  good  webs,  well  extended.  They  should  fit  into  recesses  in  'the  fram- 
ing, and  be  well  keyed  against  strong  fillets  at  either  end,  so  as  to  take  the 
shearing  strain  from  the  notding-down  bolts.  If  liie  valve-boxes  are  on  tlie 
top  sides  of  the  cylinders,  either  in  the  diagonal  or  horizontal  engine,  care 
should  be  taken  to  form,  by  means  of  webs  or  other  device,  arches  spring- 
ing from  the  feet  to  support  their  veighfc,  and  so  av<nd  distortion  of  the 
cylinder  bore. 

OBCillating  CylinderB. — The  chief  peculiarity  of  these  cylinders  is  the 
method  of  supporting  by  trunnions,  which  also  serve  as  steam  and  exhaust- 
pipes  {vide  fig.  6).  Half  the  load  on  the  piston  is  taken  on  each  trunnion 
and  since  they  are  of  such  ample  diameter,  it  is  sufficient  to  assume  that  the 
metal  is  subject  only  to  shearing  stresses,  and  therefore  the  area  of  section 
shonld  be  sudi  t^t  the  stress  does  not  exceed  600  lbs.  per  square  inch.  The 
diameter  of  the  trunnions  is  governed  by  the  size  of  the  exhaust-pipe,  sinoe 
the  steam  must  exhaust  through  one  of  them,  and  it  is  usual  and  convenient 
to  make  them  both  of  the  same  size.  In  the  case  of  a  compound  oscillating 
engine,  the  trunnions  of  both  cylinders  should  be  of  the  same  size,  which 
will  depend  on  the  size  of  exhaust  of  the  low-pressure  cylinder.  The 
trunnions  of  the  high-pressure  cylinder,  being  so  mudi  larger  than  is  necessary 
to  accommodate  the  ateam-pipe,  allows  of  a  apace  between  its  outer  or  work- 
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ing  port  ftiid  the  inner  part  or  stoffing-boz,  which,  if  left  open  to  the  air,  is 
well  ventilated,  and  so  prevents  the  bearing  from  beooming  heated  by  the 
Bteom  of  high  temperature. 

The  length  of  uie  trunnion  jonmat  or  bearing  ehonld  be  such  that  the 
pressure  per  square  inch  on  the  area,  made  bj  the  multiple  of  its  diameter 
and  leagUi,  does  not  exceed  350  lbs. ;  generally  it  is  from  one-third  to  one- 
half  of  tbe  diameter. 

The  trunnions  have  interposed  between  them  and  the  CTlinder  body  a 
belt,  which  convoys  the  steam  to  and  from  the  valve-boxes.  This  belt  should 
be  very  strong  and  well  ribbed  to  the  body  of  the  cyUnder,  immediately 
above  and  below  the  trunnions,  and  when  the  cylinder  is  fitted  with  a  liner, 
it  is  better  to  form  the  oat«r  shell  in  the  shape  of  a  beer  barrel,  so  that  the 
belt  projects  inside  and  not  outride,  as  it  would  be  were  there  no  liner ;  the 
strain  from  the  trunnions  is  then  at  once  taken  by  the  cylinder  sides  without 
the  interventions  of  webs  and  ribs. 

The  cylinder  facings  of  oscillating  engines  should  be  so  set  that  the  edge 
next  Qte  steam  entrance  should  be  the  nearest  point  to  the  cylinder — that  is, 
the  plane  of  the  cylinder  face  touches  a  cylinder  whose  axis  coinddes  with 
the  axis  of  the  cylmder-bare  at  this  edge.  When  this  is  bo,  the  lead  of  tb& 
steamway  into  the  valve-box  is  short  and  easy,  and  the  opening  into  the 
exhauat-bclt  on  the  side  opposite  is  laige,  without  causing  we  valve-spindle 
centre  to  be  unnecessarily  fer  out  from  the  cvlinder. 

Cylinder  Covers. — Like  the  cylinder  end  or  bottom,  the  cover  has  to  be 
strong  enough  to  take  the  full  steam  pressure,  but  ss  a  rule  it  has  no  strain 
to  distribute  to  any  other  part.  The  same  remarks  as  to  webs,  ice,  equally 
apply  t«  the  covers,  and  all  above  24  inches  diameter  of  high-pressure 
cylinders,  and  iO  inches  diameter  for  low-pressure  cylinders,  should  be  mode 
boUow  with  two  thicknesses  of  metal.  Those  of  vertical  engines  are  better 
made  in  that  way  for  all  sizes,  inasmuch  as  it  is  neoeasary  to  fill  in  the  spaces 
between  the  webs,  when  they  are  so  made,  to  prevent  tiie  lodgment  of  water, 
&e.,  and  it  is  usual  to  add  a  false  cover,  either  polished  or  cast  with  a  pattern 
to  give  a  good  appearance.  This  can  always  be  accomplished  by  casting  the 
covers  hollow.  The  ^linder  covers  of  na'^  engines  are  mode  of  cast  steel, 
and  formed  witit  ribs  having  bull-nosed  flanges  to  strengthen  them.  Tn 
small  Naval  engines,  such  as  ^ose  of  dettroyere,  the  covers,  especially  of  the 
medium-pressure  and  low-pressure  cylinders,  are  often  made  of  Stone's  or 
manganese  bronze,  which  has  an  elastic  limit  higher  than  that  of  ordinary 
steel,  and  permits  of  them  being  cast  muc^  thinner  and  lighter.  Covers 
when  of  steel  or  bronze,  are  sometimes  corrugated  to  get  the  necessary  stiff- 
ness without  the  complications  of  ribs.  The  depth  of  the  cylinder  cover  at 
the  middle  should  be  about  ono-quarter  of  the  diameter  of  the  piston  for 
pressures  of  80  lbs.  and  upwards,  and  that  of  tiie  low-pressure  cylinder  cover 
of  a  compound  engine  equal  to  that  of  the  high-pressure  cylinder.  Since, 
however,  the  size  of  the  piston-rod  is  the  best  measure  of  the  pressure  on  the 
cover,  it  is  better  to  so  design  the  cover  that  its  deptti  at  the  middle  is  not 
less  than  1*3  times  the  diameter  of  the  piston-rod.  The  depth  of  the  cover 
at  the  edge  depends  on  the  steiun  port;  a  recess  being  formed  for  the 
steam-way,  and  the  inside  of  the  cover  otherwise  being  parallel  to  the 
piston. 

It  is  the  custom  with  some  engineers  to  end  the  cylinder  a  little  beyond 
the  extreme  travel  of  the  piston,  the  steam  port-opening  being  then  in  the 
same  plane  with  the  cylinder  flange;  the  cover  has  a  large  recess  in  it,  and 
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its  fl&nge  BO  extended  as  to  enclose  the  port-opening  (fig.  30,  p.  H9).  Th« 
advantage  of  this  method  is  the  decreased  lengui  and  weight  of  cylinder,  and 
tlie  being  able  to  secure  the  cover  in  way  of  the  steam  port  direct  to  the 
rnaio  casting,  instead  of  to  the  comparatiTely  weak  bridge  of  metoJ  across  tiie 
port.  On  Uie  other  h&nd,  however,  the  cover  occupies  consider&blv  more 
room,  ajid  not  being  of  circular  form  at  the  flsjige,  cannot  be  turned  there. 
For  lai^r  engines  this  plan  is  a  very  good  one,  and  may  be  adopted  with 
advantage,  but  for  small  ones  and  those  of  moderate  size  it  is  not  so  eon- 
▼enient  as  the  older  one. 

Cylinder  Cover  Studs  and  Bolts  should  be  made  of  the  best  steel,  and  of 
euob  a  size  that  the  stress  on  them  does  not  exceed  5000  lbs.  per  square  inch 
of  section  at  tJie  bottom  of  tlie  thread,  as  they  are  subject  to  severe  and 
sudden  shocks  when  priming  oocurs,  and  to  considerable  wear  and  tear  from 
the  frequent  removals  of  the  covers  for  examination  of  the  pistons.  In  large 
engines  it  is  usual  to  fit  the  cylinder  covers  with  manholes  for  purposes  of 
examination,  as  for  such  lai^  engines  larger  studs  may  be  fitted,  a  higher 
stress  is  permissible  if  desired,  so  that  tiie  section  may  be  such  that  with  the 
maximum  pressure  there  is  a  stress  of  6000  lbs.  per  square  inch.  From  one 
or  two  causes  the  resistance  to  pressure  on  the  cover  may  not  be  evenly  dis- 
tributed over  tlie  whole  of  the  studs,  so  that  a  good  nominal  margin  of  safety 
should  be  allowed  in  such  a  very  important  poJrt ;  this  is  eepecially  so  when 
a  large  number  of  small  studs  are  fitted ;  in  Uiis  case,  when  of  less  diameter 
than  1  inch,  the  allowance  should  not  exceed  4500  lbs.  per  square  inch.  If 
iron  is  used,  the  stress  should  be  20  per  oent.  less  (v.  Table  xlvLl. 

Cylinder  Flanges.— The  width  of  the  cylinder  flange  need  not  exceed 
three  times  the  diameter  of  the  bolte  or  studs,  but  if  tiiQ  former  are  fitted 
this  allowance  is  not  sufficient  to  give  space  for  the  beads.  Studs  are 
now  nearly  always  fitt«d  to  marine  cylinders  in  great  measure  for  this 
reason. 

Clearance  of  Fieton. — If  both  cylinder  end,  i»ston,  and  cover  were  accu- 
rately turned,  as  is  now  required  by  the  Admiralty,  and  the  brasses  did  not 
wear,  a  very  small  amount  of  space  would  suffice  for  clearance  between  the 
piston  and  cylinder  end ;  but  as  it  is  usual  to  leave  these  parte  as  Uiey  oome 
from  the  foundry,  and  the  bearings,  however  well  made,  do  wear  in  course  of 
time,  it  is  neoessary  to  make  due  allowance  for  tliis.  Small  engines  up  to 
50  N.H.P.  require  an  allowance  of  ^  inch  at  each  end  for  roughness  of  cast- 
ings, and  A  inch  for  each  working  joint — that  is,  for  any  part  between  the 
piston  and  the  shaft  joumab  where  wear  can  take  place;  engines  from 
60  N.H.P.  to  100  N.H.P,,j\Jnch  and  j*j  inch  for  each  working  part ;  engines 
from  100  N.H.P.  to  300  N.H.P.,  J  inch  and  ^  inch  for  each  worfcmg  part; 
engines  of  200  N.H.P.  and  npwvds,  |  inch  and  i  inch  for  each  working 
part.     Fast  running  engines  should  have  a  laiger  aUowaoce. 

For  example,  take  the  case  of  a  vertical  direct-acting  engine  of  120 
N.H.P. ;  the  parts  which  wear  so  as  to  bring  the  piston  nearer  to  the  bottom 
ore  three — viz.,  the  shaft  journals,  crank-pin  brasses,  and  piston-rod  gudgeon 
brasses,  so  iha,t  the  clearance  at  top  will  be  I-  inch,  and  the  clearance  at  bottotn 
J  inch  +  3  X  I,  or  I  inch  in  all.  Here  the  total  clearance  in  the  cylinder  is 
1^  inch.  In  a  return  connecting-rod  horitontal  engine  the  same  amount  of 
clearance  was  necessary,  but  lie  larger  allowance  at  the  back  or  cover  end. 
In  a  horizontal  trunk  engine  the  wear  on  the  shaft  journals  tends  to  neutralise 
that  on  the  connecting-rod  ends,  so  that,  if  the  wear  is  equal  on  all  of  the 
brasses,  an  allowance  at  the  front  end  for  one  bearing  only  would  be  snffi- 
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Cieiit;  bat  as  the  shaft  ioamalB  wear  much  leas  than  do  the  others,  an 
aUowance  for  two  joinbi  shoald  be  nuule,  so  that  ia  this  cftse  there  shonld  be 
f  inch  at  the  back  or  cover  eiul,  and  |  inch  at  the  front. 

Valre-Boz  Coven. — ^The  covers  are  asaall;  formed  of  a  flat  plate  stiffened 
by  ribs  or  webs.  So  lon^  as  the  stiffening  webs  are  on  the  same  side  as  the 
presBore  Una  form  is  satufactoiy,  especduly  when  iho  covers  are  not  very 
large ;  but  when  they  are  large  and  it  is  inconvenient  to  web  tliem  on  that 
sicle  tbey  sbonld  be  made  hollow,  witit  the  back  rounded  like  a  hog-back 
girder.  These  covers  in  Naval  ships  are  now  very  generally  made  of  cast 
steeL 

The  studs  and  bolb  witii  which  tiiese  doors  are  secured,  should  be  armaged 
in  accordance  with  the  mlee  laid  down  for  Qiobq  of  cylinder  covers. 

Small  Doors  and  Coven. — As  it  is  essential  to  examine  from  time  to  time 
the  internal  working  ports,  and  as  tiiis  examination  is  more  for  the  sake  of 
seeing  that  everything  is  in  good  order,  rather  than  in  the  expectation  of 
having  to  execute  repairs,  and  generally  Uiere  is  httle  time  at  tJie  disposal  of 
the  engineer  for  theee  purposes,  small  doors  should  be  fitted  to  ttie  large 
heavy  doors,  secured  with  tmly  a  few  studs,  so  as  to  be  quickly  taken  off  and 
refitted.  These  may  for  this  reason,  with  advantage,  be  of  cast  steel  or  of 
steel  plate  pressed  to  shape.  There  should  be,  when  possible,  a  doorway  in 
the  bottom  and  cover  of  the  low-pressure  cylinder,  and  to  the  valve  casing 
of  the  low-pressxire  cylinder,  large  enough  to  admit  a  man.  To  tha  valve 
boxes  of  all  cylinders  there  ^ould  be  peep-holes,  throngh  which  to  ascertain 
the  leads  and  cut-off  of  the  ^ves,  and  to  press  the  valves  to  the  cylinder 
faces  should  they  have  become  blown  off. 

Laggh^  and  Clothing  of  Cylinden. — ^All  hot  sur&cea,  from  which  toss  of 
heat  may  occur  by  radiati<m,  should  be  covered  with  a  non-conducting  sub- 
stance. Felt  was  usually  employed  and  well  suited  for  this  purpose,  being 
enclosed  in  polished  teak  or  muiogany 
Isgging,  secured  with  brass  bonds 
wherever  in  view  in  the  engine-rooin, 
and  by  pine  lagging  or  canvas  when  not 
in  view.  Sheet-iron  is  frequently  used 
as  being  more  enduring  thui  wood,  but 
unless    veiy  carefully  fitt«d    and  well 

C'int«d  does  not  look  so  well  as  wood, 
t  it  lasts  much  longer. 
Cement  and  silicato  cotton  are  often 
specified  for  by  some  engineers  for  the 
cylinder  covering,  but  they  are  botii 
very  objectionable,  on  the  ground  tliat 
the  dust  coining  through  the  lagging 
from  tiiem,  owing  to  the  vibration,  &a, 
is  very  apt  to  get  into  the  bearings  and 

guides,  uid  cause  serious  trouble.  Asbestos  fibre  may,  however,  be  used 
with  advantage,  especially  on  the  high-pressure  cylinder  of  triple  engines, 
and  a  cement  made  of  this  fibre,  Sc,  has  been  found  very  successful ;  a 
cement,  consisting  largely  of  carbonate  of  magnesia,  has  also  proved  an  excel- 
lent covering  for  these  uid  other  hot  surfaces.  It  is  very  necessary  to  cover 
up  aB  hot  surfaces  when  using  st«am  of  such  high  temperatures  as  are  now 
common,  and  considerable  gain  is  obtained  by  putting  muffles  on  the 
t^Hnder  covers. 
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Tlus  /olUnoing    ruht   an  /or    the   toantiing*    of   lh«    cylinder   and   ita 
amneeliong : — 

D  U  the  diameter  of  Uie  cylinder  in  inches. 

p  the  load  on  the  safety-valves  in  lbs.  per  square  inch. 

p,  the  absolute  pressure  of  steam  in  the  boiler. 

/  a  constant  multiplier  =  thickness  of  barrel  +  -25  inch. 

liner,  not  to  be  less  thaa 


Thickness  o£  cylinder  barrel  -  ^rrrr^  (p  +  60)  -i-  0-3. 
„  liner  =  08  x  j. 

For  purposes  of  calculation  p  may  be  taken  as  follows  .* — 
linder  p  =  boiler  pressure. 


H.P.  cylii 

M.P. 

M.P. 

MP. 

L.P. 

L.P. 


triple  p  =  0-6  x  boiler  pressure 

quadruple  |(  —  0-7  k  „ 

p  -  0-46  X 

p   =  0-25  X 

triple  p  =  0-25  X  „ 


Thickness  of  liner  when  of  steel  —  O'OS  x  /. 

metal  of  steam  porta  =  0'6    x  /. 

„      volve-box  iideB  =  OSS  x  /. 

ooTwa  =07    X  /. 

,,     ojUoder  bottom  •■  I'l    x  /,  if  siogle  thickness. 

„  „  „  =  065  X  /,  it  double 

„  „        covers  —  1-0     x  /,  if  aiDsle         ,, 

„  „  „  ■  06    X  /,  if  double       „ 

cylioder  flauge  —  1'4    x  /, 

x/ 

-  -     x/. 

taoe  over  porta     =1-2    x  /. 

„         „        —  IM)    X  /,  when  there  is  a  false  face, 
false  face  —  0'8    x  /,  when  cost  iroo. 

„  „         «  0*0     X  /,  when  aleel  or  bronie. 

For  torpedo  boats,  gunboats,  destroyers,  and  other  such  ships  where 
extreme  lightness  is  a  necessity,  and  full  power  is  only  developed  at  intervals 
and  for  a  short  time,  the  scantling  may  be  reduced  by  26  per  cent 


Pitch  of  Stnds  or  bolts  in  cylinder-cover  or  valve-box  door  in  inches 

should  not  exceed  a/ — — ,  (  being  the  thickness  of  the  cover  or  door 

flange  in  sixteenths  of  on  inch,  p,  the  pressure  per  square  inch  in  pounds 
on  it. 

Flat  SorfaceB. — All  flat  surfoces  of  cast  iron  should  be  stiffened  by  webs, 

or  stays  of  some  form,  whose  pitch  should  not  exceed  \/ .     These 

webs  should  be  of  the  same  thickness  as  the  flat  surface,  and  their  depth  at 
least  2-5  times  the  thickness. 
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Fig.  31.— The  United  States  Co.'b  Packing. 

The  Cylinder  Body  or  Barrel  should  be  stiffened  by  external  Saugea  or 
webs,  at  about  12  times  the  thickness 
of  metal  apart ;  these  weba  should  1  e 
1-5  X /thick,  and  stand  at  least  075  x/ 
beyond  the  surface  of  the  cylinder. 
Some  engineers,  however,  prefer  to 
do  without  these  stiffening  webs,  and 
make  the  ^linder  somewhat  thicker 
instead,  xne  low-pressure  cylinder, 
however,  differs  from  the  otliers  in 
size,  and  in  being  exposed  to  ex- 
ternal pressure  in  excess  of  the 
internal  ;  therefore  it  should  have 
webs,  especially  when  of  large  di- 
ameter and  without  steam  jackets. 

StnfBng-Boxea  and  Glanda. —  For 
obvious  reasons,  it  is  useless  giving 
any  definite  rules  for  the  sizes  of 
these,  as  they  will  differ  from  different 
circninatances,  and  many  of  the  parts 
do  not  vary  when  others  are  varied. 
The  following  Table  of  sizes  gives 
such  as  are  found  in  good  practice, 
and  will  be  of  more  use  than  any 
abstract  rules : — 

Fig.  3 


Goot^lc 
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TABLE  XV.— Stuffimo-Boxbs  fob  Klastio  FAOsma  (Fig.  32). 
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In  the  case  of  the  cylinder,  it  is  nsnal  to  make  the  stnffing-boxes,  for 
nniformity's  sake,  for  the  low-preasnre  and  medinm-preaaupe  pistoD-rods  of 
Uie  Bsme  depth  as  that  of  the  high-presaure  rod.    The  stuffing-boxes  of  the 
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valve-flpindles,  too,  are  osuolly  exoeptionally  deep,  on  account  of  their 
liability  to  leak,  and  the  trouble  of  packiDg  them.  The  packing  of  the 
stuffing-boxes  in  the  cjUnder-oovera  of  vertical  engines  ia  very  liable  to  give 
boable  with  steam  of  nigh-pressnre  from  the  want  of  moisture ;  the  lubricant 
affects  onlv  the  top  lavers  of  packing,  and  keeps  them  soft,  wldle  the  bottom 
ones  get  nard  and  charred.  Metallic  packings  (v.  figs.  31  and  31a}  are 
the  heeb  for  use  with  steam  of  high-pressure,  and  mbough  some  patent 
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Fig.  sa 


Fig.  3211. 


vegetable  packings  work  very  well,  no  doubt  these  latter  will  all  in  lame  be 
saperaeded  by  the  former,  ^e  metallic  packings  are  generally  arranged  in  a 
■eries  <d  hoops  of  triangular  section,  the  pressure  on  the  rod  being  caused 
either  by  a  second  set  of  hoops  outside  the  first,  causing  a  wedging  action  on 
the  gland  being  pressed  home,  or  else  by  an  arrangement  of  springs  or  spring 
clips.  The  newer  and  better  fonns  are  now  giving  great  satisfaction  and 
taking  the  place  of  v^;etable  and  asbestos  in  the  high-pressure  cylinder,  and 
used  by  most  engineers  for  the  medium-pressure  cylinder  also.  Many 
engineers  fit  metallic  packing  in  the  low-pressure  cylinder  glands  others 
strongly  object  to  do  so,  much  preferring  good  vegetable  packing  on  account 
of  the  excessive  moisture  in  this  cylinder. 
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CHAPTER  Viri. 

TBI   PISTON — PISTOH-BOD COtTNECTIXG-BOIh 

Th6  Piston  ia  easautioUy  only  a  disc,  strong  eaongh  struoturally  to  with- 
stand the  preasure  of  the  steam  oa  it,  and  fitting  steam-tight  in  the  cylinder. 
The  pUton  in  this  simple  form  is  seen  in  the  Richard's  Indicator,  and  is 
of  ton  80  fitted  to  small  engines. 

In  the  early  days  of  steam-engine  construction,  when  there  existed  no 
macluDe  capable  of  boring  out  a  cylinder,  the  bore  was  not  perfectly  true, 
nor  the  sides  very  smooth,  and,  consequently,  unless  some  form  of  elastic 
pocking  was  interposed  between  the  piston  and  the  cylinder  sides,  it  could 
not  work  steam-tight.  It  was  customary  to  form  the  piston  with  a  recess 
on  the  rim,  into  which  rope  or^unA  was  coiled,  just  as  is  now  the  custom  to 
do  with  air-pumps.  This  packing  could  not  be  examined  or  renewed  without 
drawing  the  piston  from  the  cylinder,  a  tedious  operation  at  all  times ;  to 
remedy  this  tbe  recess  was  made  without  a  flange  at  the  top  or  side  of  the 
piston  next  the  cylinder  cover,  and  a  (siae  flange  or  loose  ring  was  bolted  to 
the  piston  so  as  to  retain  the  junk  packing  in  place,  and  admit  of  its  being 
removed  or  added  to  without  removing  the  piston  from  the  cylinder.  This 
ring  was  called  the  "  junk-ring,"  and  retains  that  name  although  junk  is  no 
longer  used  to  pack  pistons.  After  a  few  weeks'  work  the  cylinder  was 
rubbed  smooth  and  fairly  true,  when  the  piston  would  work  steam-tight  with 
very  little  friction,  and  with  steam  of  low-pressure  and  temperature  the 
packing  lasted  a  considerable  time. 

A  solid  piston,  that  is,  one  without  packing,  is  really  the  best  for  good 
working,  so  long  as  it  remains  steam-tight;  but  as  there  is  always  some 
slight  amount  of  wear,  especially  when  the  cylinder  is  fresh  from  the  boring 
mill,  and  leakage  post  the  piston  is  most  serious,  more  particularly  when  the 
engine  is  standing  still,  it  is  necessary  to  have  some  means  of  adjustment, 
whereby  the  piston  is  maintained  a  steam-tight  fit  in  the  cylinder. 

In  beu  of  the  vegetable  packing,  which  is  not  admissible  with  st«am  of 
high  pressure,  engineers  now  fit  metallic  rings,  called  "packing-rings,"  in 
various  forms,  which  are  pressed  outwards  ^;ainst  the  side  of  the  cylinder  by 
springs.  These  rings  are  maintained  in  position  steam-tight  by  Uie  junk-ring 
as  of  old. 

When  tiiese  metallic  rings  are  onoe  in  place  so  as  to  fit  closely  to  the 
cylinder  sides,  there  is  no  need  of  further  lateral  pressure  until  by  wear  the 
piston  becomes  slack,  and  steam  permitted  to  pass  it.  However,  nearly  all 
existing  pistons  are  automatic  in  this  respect,  and  the  consequence  is  that 
the  packing-rings  press  so  tightly  on  the  cylinder  sides,  that  the  loss  by 
friction  seriously  impairs  the  efficiency  of  the  engine ;  and  it  is  only  when 
the  ring  or  cylinder  is  considerably  rubbed  away,  that  the  piston  works  with 
ease.  From  these  causes  many  really  good  pistons  have  been  condenmed 
after  having  been  made  to  cause  serious  damage. 

Perhaps  the  first  remove  from  the  primitive  piston  is  to  be  found  in  the 
form  usuidly  fitted  in  locomotives,  and  generally  known  as  EamaboUom'i. 
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hamebottom'B  ^ogs  (6g.  33). — The  late  Mr.  Bamfibottom,  of  the  L.  A 
N.W.R.  Co.,  was  the  first  to  pack  pistons  hj  one  or  more  narrow  metal 
rings,  turned  somewhat  larger  in  external  diameter  than  that  of  the  cylinder 
bore,  and  which,  after  being  cut  across  so  as  to  be  capable  of  being  com 
pressed  to  suit  the  bore  of  the  cylinder,  are  fitted  into  recesses  tnmed  in  the 
piston  edga  The  nngs  fit  easily  into  these  recesses,  and  as  they  are  so 
placed  that  no  two  of  t£e  joints  are  in  a  line,  the  piston  is  practically  steam- 
tight,  and  works  very  well  in  locomotives  and  other  quick  working  engines 
of  small  size ;  but  for  large  engines,  and  engines  undergoing  the  same  vicissi- 
tndes  as  those  on  shipboard,  there  is  an  objection  to  this  form  of  piston.  It 
will  be  seen  that  the  rings  cannot  be  removed  without  drawing  the  piston, 
and  that  there  is  no  means  of  preventing  steam  from  passing  where  the 
spring  is  cut  across,  besides  which  the  rubbing  surface  is  very  small,  and  the 
spring  is  always  exerting  its  maximum  efibrt  The  first  of  these  objections 
is  overcome  (fig,  34)  by  fitting  a  junk-ring,  having  cast  with  it  a  spigot  or 
ring,  which  goes  down  into  the  recess  around  the  piston  for  the  packing-ring 
and  made  steam-tight ;  into  grooves  tnmed  in  the  outer  surface  of  this  spigot 
the  Ramsbottom  rings  are  fitted. 

For  small  engines  these  rings  are  made  of  steel ;  for  such  engines  as  may 
be  standing  unused  for  many  days,  some  engineers  prefer  to  fit  hard  brass 
rings.  When  for  larger  engines  where  the  section  may  be  three-quarters  of 
an  inch  square  and  upwards,  the  rings  are  better  of  tough  and  hard  cast  iron, 
which  works  very  well  indeed. 

Common  PiBton-Bings  (figs.  35  to  38)  consist  only  of  a  single  hoop  made 
of  very  tough,  close-grained,  cast  iron,  made  on  the  same  principle  as  the 
Bamsbottom  rings,  but  fitted  between  the  piston  flange  and  the  junk-ring,  so 
as  to  be  free  to  move  laterally  steam-tight.  This  packing  ring  is  usually  turned 
to  a  diameter  about  1  per  cent  in  excess  of  that  of  the  cylinder,  and  either 
cut  across  diagonally,  or  formed  so  that  one  end  has  a  tongue  fitting  into  a 
recess  in  the  other  (fig.  35),  a  brass  cover-piece  being  fitted  behind  the  gap,  so 
as  to  prevent  steam  leaking  into  the  space  behind  the  rings.  The  ring  is  then 
fitted  to  the  piston  flange  steam-tight  by  scraping  both  surfaces ;  the  ring  is 
raised  by  interposing  very  thin  pieces  of  paper  between  it  and  the  flange, 
and  the  junk,-ring  is  then  fitted  steam-tight  to  the  piston  and  packing-ring 
by  scraping,  &c  Some  makers  of  pistons  profess  to  turn  the  piston  and 
rings  so  accurately  as  to  require  no  scraping,  but  it  is  doubtful  if  there  is 
economy  in  the  practice  if  carried  to  the  perfection  professed ;  other  engineers 
prefer  to  grind  the  rings  tight  after  coming  from  the  lathe.  In  whatever 
way  the  object  is  attained  is  of  small  moment  compared  with  the  necessity 
of  having  tiie  ring  perfectly  steam-tight  between  the  flange  and  junk-ring. 

Piston  Springs. — When  the  piston  is  of  comparatively  small  diameter,  the 
elasticity  of  the  packing-ring  itself  is  sufficient  to  keep  it  steam-tight  against 
the  cylinder  sides  for  a  very  considerable  time  after  it  is  fitted ;  and  even 
larger  rings  may  be  made  of  sufficient  strength  to  do  this,  hut  they  would 
then  be  open  to  the  same  objection  as  raised  gainst  ihe  Bamsbottom  rings. 
The  old  method  of  pressing  the  ring  out  by  means  of  dished  springs  or  coach- 
spring  as  shown  in  fig.  36,  ia  now  seldom  used  in  new  engines;  the 
objections  to  it  are  the  uneven  and  unknown  pressure  exerted,  and  the 
reaction  of  the  piston  itself,  from  the  fact  of  the  springs  pressing  on  it.  It 
was  a  very  difficult  thing  to  so  set  every  spring  that  the  pressure  on  the  ring 
was  uniform  ;  and  the  range  of  action  oi  tide  form  of  spring  is  very  limited) 
BO  that  although  the  ring  might  be  very  tight  when  first  fitted,  alter  a  foT 
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daya  running  it  would  be  paasing  steam.  The  snrfaoe  ezpoaed  to  pressore 
too  waa  emaU,  BJid  the  springs  were  apt  to  bed  themBelTfis  into  the  ring,  and 
in  doing  so  wear  through  Uieir  curved  ends.  These  defects  were  p^tially 
remedied  by  adding  to  each  one  or  more  subsidiary  springs  on  Uie  principle 
of  coach-springs,  but  that  only  tended  to  aggravate  the  other  evil  spoken  of 
— viz.,  the  reaction  of  the  piston  itself. 
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Figt.  33  to  41. — VarionH  FomiB  of  Futon  Packings.  * 

"Wben  a  piston  is  moving  through  its  course,  and  guided  therein  by  the- 
rod  at  one  end  and  the  tail  rod  (or  back  guides  in  case  of  a  horizontal  engine) 
at  the  other,  it  should  be  anite  free  laterally  from  the  packing-ring,  which. 
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may  follow  its  ooarae  freely.  Wlieo  the  bore  of  the  cylinder  is  quite  true, 
and  ita  axis  coiiuddee  with  the  line  of  motioii  of  the  piaton  centre,  it  ia  of  do 
conaeqnenoe  if  the  springs  do  bear  on  the  piston ;  bat  if  the  cylinder  wears 
somewhat  out  of  truth  in  either  direction,  it  is  important  that  the  spring-ring 
shall  follow  the  sides  of  t^e  cylinder  freely ;  it  cannot  do  this  if  the  springs 
react  from  the  piston  body. 

Cameron's  Patent. — Fig.  37  shows  a  piston-ring  pressecl  out  with  a  corru- 
gated ribbon  of  steel ;  the  lateral  pressure  here  is  obtained  by  the  resiHtance 
of  the  spring  to  being  bent  into  a  circle,  and  by  the  pressure  exerted  by  the 
corrugations  when  t£e  ends  of  the  spring  are  pressed  apart.  This  spring 
exerts  an  almost  ooiform  lateral  pressure  on  the  pat^ingring  without  touch- 
ing the  body  of  the  piston,  and  by  making  the  packing-ring  comparatively 
tfain,  it  will  adapt  itself  to  the  shape  of  the  cylinder  when  worn.  The 
pressure  on  tiie  ring  can  also  be  easily  and  nicely  adjusted  by  packing  pieces 
between  tiie  ends  <a  the  spring.  One  great  advant^e  of  this  spring  is  that 
it  can  be  fitted  to  any  piston  without  eondemning  any  of  the  parts  beyond 
thenirings. 

Mather  and  Piatt's  Patent. — It  was  found  that  metallic  packing-rings  not 
only  wore  sideways,  bat  ^so  on  the  edges,  so  as  to  become  slack  between  the 
flaiige  and  junk-rmg ;  a  very  slight  unount  of  play  between  these  soon  causes 
a  very  laige  degree  of  slackness  from  tlie  continual  concussion  on  change  of 
motion  at  every  stroke.  To  obviate  tiiis  the  ring  was  formed  with  inside 
flanges,  as  shown  in  fig.  39,  and  split  into  two,  a  spiral  hoop,  having  throe  or 
four  turns,  being  coiled  inside  the  rings,  whose  action  is  to  press  the  packing- 
rings  outward  against  the  cylinder  sides,  and  up  and  down  against  the  flange 
and  junk-ring.  This  form  has  been  generally  very  successfuX  and  pistons  so 
fitted  have  worked  very  well  indeol;  but  there  is  the  objection  that  no 
adjosbneat  of  the  spring  is  possible,  and  it  is  always  exerting  its  maximum 
effort.     The  chief  port  of  the  elasticity  of  this  spring,  however,  is  exerted  in 

Ereasing  the  rings  against  the  flange  and  junk-ring,  and  the  friction  so  caused 
elpe  to  prevent  undue  pressure  on  the  cylinder  side,  bo  that  in  practice  it  is 
not  found  that  t^ere  is  excessive  side  pressure  when  first  fitted,  nor  lack  of  it 
when  the  cylinder  is  worn.  These  ^rings  are  made  of  steel,  or  very  strong 
cast  iron,  cut  out  of  a  ring  of  either  metaJ.  They  are  also  sometimes  cast  to 
the  form  required. 

Buckley's  Patent  consists  of  two  rings,  of  section  as  shown  in  fig.  40 ;  a 
spiral  coil  of  steel  wire  ia  bent  into  a  circle,  and  inserted  between  the  two 
packing-riogs.  Pressure  ia  exerted  in  the  same  way  as  in  Cameron's  spring, 
and  tends  to  press  the  packing-rings  both  outwards  and  against  the  fiange  and 
junk-ring.  This  form  of  piston  is  very  generally  used  at  the  present  time, 
and  when  properly  adjuateui  works  very  welL  The  spring,  however,  is  a  very 
stiff  one,  and  requires  but  little  end  pressure  to  exert  a  very  considerable 
pressure  on  the  sides  of  the  cylinder. 

Prior's  Patent. — The  rings  in  this  plan  are  precisely  like  those  of  Buckley's 
piaton,  but  the  spring  is  made  of  bar  steel  b^t  zigzag,  so  as  to  form  a  belt 
tad  exert  pressure  both  outwards  and  sideways  in  the  same  way  that 
Buckley's  does. 

f  Qnaner  and  Hall's  Patent. — This  piston  has  two  packing-rings  of  tri- 
angular sectiob,  with  a  third  ring  inside  and  between  them,  as  shown  in  fig. 
41,  so  that  on  this  inner  ring  being  pressed  outwards,  it  exerts  a  wedge  action 
on  the  two  packing-rings  so  as  to  force  them  against  the  flange  and  junk-ring. 
Coach-springs  are  employed  to  press  the  ring  outwards,  which  are  each  held 
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in  ft  bnai  frkme  having  a  tapered  piece  on  the  back,  whidi  fits  into  a  recess 
in  the  piiton  and  against  a  tapered  cotter ;  this  cotter  can  be  pressed  down  by 
a  Bet  screw  in  the  junk-ring,  and  any  required  pressure  is  imparted  to  the  ring 
through  the  spring  in  this  way.  This  piston  oos  therefore  the  odvontsLffe  of 
being  capable  of  adjustment  without  removing  the  jonk-ring,  and  the  acQust- 
ment  can  be  made  to  a  nicety  with  very  litUe  trouble,  and  also,  in  case  of 
the  engines  not  being  required  for  some  weeks,  the  pressure  on  the  apriaga 
may  be  relieved  until  required  again.  This  pston  has  given  very  great 
satisfaction. 

Rowan's  Patent  and  HacL^e'i  Patent  each  consists  of  two  strong  rings 
of  square  section,  or  of  U  section,  pressed  outwards  bj  springs  at  the  oroaa 
cut,  and  against  the  flange  and  junk-ring  by  wave  springs  fitted  in  a  groove 
between  them.     This  arrangement  has  been  found  to  work  well. 

Bestnlned  Packings. — In  the  early  days  of  piston-making  designers  were 
ohieflv  concerned  in  providing  means  for  keeping  the  pviking-rings  on  the 
oylinaer  walls ;  as  pressures  of  steam  increased  they  still  experienced  the 
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Fig.  42,— BestraiDed  Packing- Rings  (Admiralty  Plan). 

some  anxiety  lest  there  should  be  loss  by  leakage.  Ttxlay  we  have  less 
anxiety  on  uiat  score,  but  a  more  serious  one  respecting  the  loss  due  to  the 
rings  being  pressed  unduly  bard  on  the  cylinder  by  the  steam  now  used. 
We  cannot  keep  the  steam  from  getting  behind  the  rings,  so  it  ia  necessary 
to  restrain  them  ;  this  was  first  done  by  securing  the  ends  or  locking  tbem 
together  by  the  same  device  that  set  them.     With  the  very  high  pressures 
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sow  empl<^ed  even  tti&t  is  not  suffident,  luid  it  ia  the  pnctnce  in  the  Navy 
to  fit  solid  reBtraining-ringa,  as  shown  in  fig.  43,  to  keep  the  oat  rings  iu  place 
when  fitted,  as  in  fig.  44  (rightrh&nd  iUustratioa). 

Body  of  the  Piston. — Pistons  of  small  size  are  usually  made  of  a  single 
thickness  of  metal  without,  of  course,  any  stifFening  webe  or  ribs.  Pistons 
of  very  considerable  size  have  been  made  of  cast  steel  in  this  way ;  they  are 
in  the  form  of  a  cone,  to  suit  the  cylinder  end,  and  by  that  means  have  the 
requisite  degree  of  stiffness ;  they  were  originally  made  in  this  form  to  save 
weighb,  being  for  fast-running  horizontal  engines,  but  are  now  used  eztezi- 
sively  in  all  fast-rumung  engines.      Cast-steel  pistons  are  now  frequently 


Vlg.  44.— Coat-Steel  Pistons. 

used  in  the  mercantile  marine  in  engines  of  all  sizes;  chiefly,  however, 
when  In  those  running  at  high  speeds  if  small  and  in  those  of  lai^  size. 
They  may  be  used  with  advantage  in  most  engines,  and  are  not  much  more 
costly  than  hollow  east-iron  ones  when  of  large  size.  The  pistons  for  torpedo- 
boats  and  other  very  light,  fast  running  machinery  are  usually  made  of 
forged  steel,  and  are  very  thin  at  the  flange  and  near  it. 

Pistons  of  ordinafy  marine  engines  above  12  inches  diameter  for  a  high- 
pressure,  and  24  inches  diameter  for  a  low-pressure  cylinder,  are  usnallv  made 
cellular — that  is,  with  two  thicknesses  of  metal  stiffened  or  connected  by  ribs 
and  webs,  and  either  by  the  thickness  of  metal  or  by  the  depth  of  body  made 
strong  enough  structurally  to  safely  withstand,  not  only  the  load  due  to 
steam  pressure  exerted  on  it  and  transmitted  to  the  rod,  but  also  the  shocks 
to  which  it  is  liable  when  priming  occurs. 

The  piston  body  must  be  so  designed,  too,  that  it  may  be  safely  cast,  for 
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in  the  early  days  of  lai^  pistons  it  was  not  at  all  ao  uncommoQ  Hung  for  a 
piston  to  break  in  ooolmg,  or  mysteriously  afterwards.  For  this  reaaon  any 
mlea  most  of  necessity  be  empirical  which  set  ont  Qxe  thickness  of  metal  of 
the  different  parts  of  the  body ;  but  care  must  always  be  exercised  that  ao 
one  part  is  too  small  for  the  streases  to  which  it  is  subject.  For  example, 
there  muat  be  sufficient  metal  in  the  immediate  neighboarhood  of  the  piston- 
rod  boss  to  resist  the  tendency  to  force  out  this  part  by  shearing  4he  metal. 
Again,  the  piston  may  be  taken  as  consisting  of  a  numMr  of  sectors,  and  by 
considering  one  of  such  small  sectors  loaded  with  the  pressnre  on  ite  area  at 
the  ceotre  of  gravity  of  itfl  figure,  the  bendins  moment  at  any  section  may 
be  found,  and  the  thickness  of  metal  tried  whether  it  be  snfGcient  for  the 
purpose. 

For  the  section  of  an  ordinary  piston  having  a  single  rod,  the  following 
table  gives  the  multipliers  for  obtfumng  the  thickneea  ^  metal  and  mxiea  of 
the  different  parts. 

Details  of  Constniction  of  the  Ordinary  Piston. — ^Let  D  be  the  diameter  of 
the  piston  in  inches,  p  the  maximum  effective  pressure  per  square  inch  on  it, 
X  a  constant  multiplier,  found  as  follows :— 


.^  +  1- 


For  high-pressure  cylinders  p  may  be  taken  at  halt  the  boiler  pressure;  for 
medium-pressure  cylinders  a  quarter  the  boiler  pressure;  and  for  low-pressure 
cylinders  half  the  boiler  pressure,  divided  by  ratio  of  low-pressure  to  high- 
presanre  (flinders. 

Hollow  Cast-Irok  FuTom. 


The  thickness  of  front  of  piston  near  the  boss 

=  0-3    X  X. 

»               II               <i               »      rim 

=  017  X  X. 

back          „           .        - 

r.   018     X    X. 

,           boss  around  the  rod 

-  0-3     XX. 

,            flange  inside  packing-ring 

-  0-23  X  X 

„      at  edge         -        - 

-  0-25  X  X. 

,            packing-ring  - 

-  0-15  X  X. 

,            junk-ring  at  edge  - 

-  0-23  y  X. 

,                  „          inside  packing-ring 

-  0-21  X  X. 

,                  „          at  bolt  holes  - 

-  0-35  X  X. 

,           metaX  around  piston  edge 

-  0'2fi  X  X. 

The  brea^ith  of  packing-ring     - 

-=  0-63  X  X 

„    depth  of  piston  at  centre  -        -        - 

-  1-4    X  X. 

„    lap  of  junk-ring  on  the  piston  - 

„    space  between  piston  body  and  packing-riU] 

„    <£ameter  of  junk-ring  bolts 

=  0-45  X  x. 

=  0'3    XX. 

=  0-1     xiB  +  0-25in 

„    pitch        „           „           „            -        - 

„    number  of  webs  in  the  piston    - 

D  ■(■  20 
"      12     ■ 

„    thickness        „            „            -        . 

-  0-18  X  x. 

Solid  Piotoks. 

Thickness  near  boss  - 


WOTON-ROD.  lei 

Forged  Stbki.  Pibtosb. 

Thickneas  near  boea —  0'2    x  le. 

„  „     rim -  01     X  a^ 

When  made  of  exceptionally  good  metal,  at  least  twice  melted,  tbe  thick- 
nesses of  cast-iron  pistons  may  be  as  much  aa  20  per  cent,  leaa  than  given  bv 
tlie  roles ;  but,  on  the  other  hand,  if  made  of  ottier  than  really  good  meta^ 
they  should  be  thicker.  The  piston  should  be  made  of  good  metal  always, 
and  for  faat-runniiig  engines  it  ia  better  made  of  steel.  The  packing-ring  is 
sometimea  made  much  tiiicker  in  the  part  opposite  the  cut  thui  given  above, 
in  order  to  have  sufficient  elasticity  of  iteelf  to  press  steam-tight  against  the 
cylinder;  but  it  ia  better  to  let  tlie  springs  perform  their  function  wholly, 
and  leave  the  ring  to  act  only  as  the  packing. 

Jonk-iiog  Bolts. — When  screw-bolts  are  used  to  hold  the  junk-ring  in 
place,  they  are  either  screwed  into  a  brass  nut  let  into  a  recess  in  the  side 
of  the  piston  (t>.  fig.  36),  or  else  screwed  into  a  brass  plug,  which  has 
been  screwed  tightly  into  the  piston.  The  former  plan  is  most  general, 
and  has  the  advantage  that  if  the  bolt  thmd  is  torn  away  the  nut  can  be 
easily  replaced,  tmd  owing  to  the  length  of  body  the  bolts  cannot  slack  them- 
selves back.  Many  engineers,  however,  prefer  to  screw  the  bolta  directly 
into  the  cast  iron,  making  the  tapped  hole  as  deep  as  possible;  and 
although  it  may  be  supposed  the  bolts  would  set  fast  by  rust,  practice  has 
shown  that  such  does  not  take  place,  nor  do  ihe  cast-iron  threads  wear 
quickly  away. 

Studs  are  often  used  inst«ad  of  screw-bolts  (v.  fig.  42),  but  although,  to 
some  extent,  possessing  advantages  over  the  latter,  they  are  not  so  con- 
venient, and  have  all  to  be  withdrawn  when  any  refitting  of  the  packing 
and  junk-rings  is  necessary. 

gftfety-ringB  and  Lock  Bolts. — The  vibration  of  the  junk-ring  has  a  ten- 
dency to  slack  back  the  bolts,  and  although  it  is  a  rare  occurrence  to  find 
such  a  thing  happen  in  a  vertical  engine,  very  serious  accidents  have  fre- 
quently been  caused  by  the  junk-ring  bolts  getting  loose  in  a  horizontal 
cylinder.  To  prevent  such  a  casualty  the  piston  bolts  of  all  engines  should 
Iwve  a  light  wrought-iron  ring  secured  to  the  junk-ring  by  studs,  having 
square  bodies  and  nuta  secured  with  split^pins;  this  ring  (v.  fig.  42)  fits 
close  to  the  heads  of  the  bolts,  and  prevents  them  ihen  from  turning.  When 
studs  are  used  their  bodies  should  be  square  or  with  a  projecting  aide,  the 
holes  in  the  junk-ring  corresponding  in  size  and  form  to  them,  so  Uiat,  when 
on,  it  prevents  them  from  unscrewing;  the  nuts  may  be  prevented  from 
slackening  by  a  ring,  or  each  stud  may  have  a  split-pin  through  its  end. 

There  are  some  other  methods,  but  none  of  them  are  either  so  efficient  or 
so  inexpensive  aa  the  above. 

Solid  PackiDgB. — In  order  that  tlie  weight  of  the  piston  of  a  horizontal 
engine  may  be  token  by  the  broad  packing-ring,  instead  of  by  the  compara- 
tively narrow  fiange  and  junk-ring,  it  is  customary  and  advisable  to  fit  a 
cast-iron  packing  between  the  body  of  the  piston  and  the  packing-ring  for 
about  one-third  of  the  circumference  in  Ueu  of  springs.  The  piatona  of 
diagonal  and  oscillating  cylinders  are  also  better  if  fitted  in  this  way. 

Piston-rod. — ^It  is  usual  to  have  only  one  rod  to  each  piston  of  a  direct- 
acting  engine,  but  some  manufacturers,  to  suit  a  particular  style  of  crosshead 
and  connecting-rod,  fit  two.  The  single  rod  ia  preferable  from  practical 
considerations,  even  for  large  engines,  hecanse  it  requires  very  considerable 
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care  on  the  put  of  the  vorkman  to  bore  the  two  holes  in  the  piaton,  cylinder 
bottom,  and  orosahead  so  exactly  that  the  rods  will  fit  into  their  place  without 
adjustmeat;  the  frictioii  of  the  two  stuffing-boxes  wiU  be  very  cousiderablj 


i 
i 
i 

p._.9._.Q.-. 

more  titan  tiiat  of  the  one  larger  one ;  the  cost  of  labour  will  also  be  nearly 
double  that  for  the  single  rod,  and  there  are  two  stuffing-boxes,  which  require 
packing,  and  two  glands  demanding  attention,  instead  oi  one> 


Goo'^lc 
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Betam  connecting-rod  and  large  steeple  engines  of  necesaity  require  two 
rods  to  each  piston,  and  Messrs.  Hnmphrrs  fitted  Four  rods  in  Uie  case  of  the 
very  large  pistons  of  H.M.S.  "  Monarch, '  the  better  to  distribute  the  strain 
over  the  piston  face,  and  to  admit  of  a  better  form  of  croBshead. 

Diameter  of  Piston-rod. — Since  the  piston-rod  is  secured  in  the  piston, 
and  usually  well  guided  at  the  other  end,  so  that  it  could  not  bend  without 
meeting  with  considerable  resistance,  it  may  be  treated  as  a  itrta  or  column, 
secored  at  both  ends ;  but  when  the  outer  end  fite  into  a  crosshead,  which 
would  offer  little  or  no  resistance  to  bending,  then  the  rod  must  be  treated 
as  a  column  loose  at  one  end  and  secured  at  the  other. 

From  Mr.  Hodgkinson's  experiments  and  Mr.  L.  Gordon's  investigations, 
the  following  are  the  formula  for  computing  the  strength  of  columns  :— 

(\)  For  a  column  fixed  at  both  ends,        P  =  ~^-  ^   ■ . 

(2)  For  a  column  loose  at  both  ends,        P  =  — ^ =-. 

2/.S 

(3)  For  a  column  fixed  at  one  end  only,  P  =  = . 


P  is  the  load,  I  the  length  of  the  column  in  inches,  d  the  diameter  in  inches, 
a  for  solid  wrought  iron  and  mild  steel  gmnrt  and  /3(  ,000  lbs.  per  square 
inch,  8  being  the  area  of  section  of  the  rod  in  square  inches.  Taking  this 
value  of  /  in  the  above  formulte,  P  is  Uie  breaking  load ;  since  it  is  usual  to 
have  a  factor  of  safety  for  all  important  parts  of  a  marine  engine,  of  at  least 
6,  the  value  of/  should  not  exceed  6000  lbs.,  and  may  be  taken  generally  at 
5bOO  lbs. ;  but  as  the  piston-rod  is  liable  to  great  shock,  is  always  working 
with  alternating  stresses,  and  always  receives  its  load  suddenly,  3000  lbs. 
sbonld  be  taken  as  the  value  of  /  to  calculate  the  diameter.  These  formulte 
are  too  complicated  for  general  use,  but  the  size  of  a  piston-rod  may  be 
checked  by  them  easily  after  having  been  calculated  by  an  empirical  formula. 
Since,  however,  an  approximate  value  may  be  safely  taken  for  the  relation 
between  /  and  d  of  ordinary  marine  engines,  the  formulie  may  be  reduced  to 
a  very  simple  form.    Hence,  since 

p-i5!,p..    „d/s-!^x/. 

D  being  the  diameter  of  the  piston,  and  p  the  effective  pressure  on  it  in 
pounds  per  square  inch. 

XiOt 

^  be  represented  by  r. 


taking/ =  3025. 


'-"v^ 


or*) 
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lbs.,  r  =  7  to  8 
„  r=  8  to  10 
„  r  =  6  to  7 
„  r  =  7  to  8 
„  r-  10  to  12 
r=  10  to  15 
r  -  15  to  18 
r  -  10  to  12 
r  =  22  to  28 
r  -  18  to  23 


of  piston-rod  -  ^  ^p  (1  +  a  r*).    -        -        -        -        (1) 

The  following  ore  the  valnes  of  r : — 
Short  struke  direct-acting  engines,  initial  pressure 
Long 
Short 
Long 
Very  long 

Osculating  engtneH  of  short  stroke  „  30 

„  »  long       „ 

„  „         medium  „       and  compound     70 

Betum  oonnecting-rod  engines,  boiler  pressure  30 

70 

The  following  nilea,  however,  will  give  results  sufficiently  accurate  for 
all  practical  purposes. 

diameter  of  cylinder    — 
Diameter  of  piston-rod  — p >JP- 

The  following  are  the  values  of  F : — 

Naval  engines,  direct^cting,  ...  F  =  50 

„  return  connecting-rod,  2  rods,        -         F  =  70 

Mercantile  ordinary  stroke,  direct-acting,       -  F  =  45 

„         long  „  „  .        .         F  -  42 

„        medium      „        oscillating,         -        -        F  =  40 

Note. — Long  and  very  long,  aa  compared  with  the  stroke  usual  for  the 

power  of  engine  or  siie  of  cylinder. 

D  ia  the  diameter  of  tne  low-pressure  and  d  that  of  the  high-pressure 
cylinder  of  a  comftonnd  system  ;  d^,  d^  &c.,  the  diameters  of  the  intermediate 
cylinders  ;  B  is  the  ratio  of  low-pressure  to  high-pre.s.sure  cylinder  volumes  ; 
r,  the  ratio  of  volumes  of  the  first  intermediate  and  high-preasure  cylinders  ; 
rj  that  of  the  second  intermediate  and  high-pressure  cylinders ;  if  the  stroke 
be  the  same  in  esch  cylinder 

"  =  j*''^!"  ^"''^""di- 
The  maximum  pressures  repeatedly  applied  on  the  pistons  when  working 
full  speed  are  approximately  aa  given  by  the  following  formulm : — Where 
Pt  is  uie  absolute  pressure  at  or  near  the  engines,  and  may  be  taken  as  the 
load  on  safety-valve  plug  15  lbs.  for  purposes  of  calculation  of  sizes  of  piston- 
rods,  connecting-rods,  columns,  &c,  and  their  bolts  and  fittings. 

Values  of  ^  or  maximum  effective  working  pressure  in 
High-pressure  cyhnder  of  a  compound  engine, 
Low-pressure 


High-pressure 
Medium-pressure 
Low-pressure 
High-pressure 


p,  ^  0-76 
;..  +  ».< 
p.  X  0-63 


1-2 


1st  medium-pressure  cylinder  of  a  quadrupli 
2nd  „  „  „ 

Low-pressure  „  „ 


triple-compound  engine, 

^,  -;•  r,  X  i-o 
.1.  -^  B  X  1-5 
quadruple-compound  engine,  p^  x  0'56 

ipound  engine,  p. -^  r,  x  1-65 
„  p.  -^  r.  X  1-B5 
„       p.  -^  B  X  1-65 


tlSTON-ROD   ENDS. 


16 


Except  in  the  case  of  the  triple,  with  two  low-pressure  cylinders,  whose 
rods  may  be  and  usually  are  sroaller  than  those  of  the  high-pressure  and 
mediom-pressnre  cylinders.  It  is  &t  all  times  desirable  that  the  piston-rod 
ahall  move  through  the  stuffing-box  without  vibration,  but  especially  is  this 
BO  when  metallic  packing  is  used.  It  is,  therefore,  a  good  thing  to  nave  the 
piston-rods  larger,  rather  than  smaller,  than  given  by  the  above  rules. 

Piston-rod  Ends. — It  is  absolutely  necessary  that  the  rod  should  fit 
jmfBctly  steam-tight  into  the  piston,  and  also  be  so  tight  as  not  to  "  draw  " 
in  the  least  when  subject  to  shock.  If  the  rod  end  were  made  cylindrical  or 
"  parallel,"  as  it  is  technically  called,  and  fitted  in  to  satisfy  the  above  condi- 
tioDS,  it  would  be  very  tedious  and  difficult  to  get  it  out  again.  For  this 
reason  principally  it  is  usual  to  turn  the  part  fittiiiK  into  tbe  piston  "  taper  " 
or  conical.  If  the  taper  is  very  slight  the  rod  can  be  easily  made  a  tight  fit, 
but  unless  formed  with  a  shoulder  at  the  end  of  the  taper,  it  would  in  time 
be4X)me  so  tightly  held  by  the  piston  as  to  withstand  ^  attempts  at  with- 
drawal, and  also  there  would  be  at  all  times  a  great  danger  of  splitting  the 
piston  by  the  wedging  action.  If  the  taper  extends  the  whole  depth  of  the 
piston,  it  sboold  be  at  the  rate  of  \  inch  to  the  foot ;  that  is,  the  diameter  of 


TUg.  48.— PiatOD-rod  Croashead. 


the  rod  at  back  is  less  than  that  at  the  front  by  one-sixteenth  of  the  length 
of  taper.  Even  with  so  liberal  an  allowance  aa  tiiis,  there  is  great  difficulty 
ctften  experienced  in  withdrawing  the  rod  after  a  few  months'  work ;  for  this 
reason  some  engineers  do  not  extend  the  taper  the  full  depth  of  the  piston. 
The  most  convenient,  and  at  the  same  time  reliable,  practice  is  to  turn  the 
piston-rod  end  with  a  shoulder  of  y'^  inch  for  small  engines,  and  ^  inch  for 
large  ones,  make  the  taper  3  inches  to  the  foot  (fig.  48}  until  the  section  of 
the  rod  is  three-fourths  of  that  of  the  body,  then  turn  the  remaining  part 
parallel ;  the  rod  should  then  fit  into  the  piston  so  as  to  leave  J  inch  between 
it  and  the  shoulder  for  large  pistons,  and  -^  inch  when  small.  The  shoulder 
prevents  the  rod  from  splitting  the  piston,  and  allows  of  the  rod  being  turned 
true  after  long  wear  witiiout  encrosiching  on  the  taper. 

It  was  usual  to  prolong  the  piston-rods  of  vertical  engines  so  as  to  admit 
of  the  "  tail "  end  passing  through  a  stuffing-box  in  the  cylinder-cover,  and  ao 
help  to  guide  the  piston,  and  prevent  its  unduly  wearing  the  cylinder.  Since 
no  moisture  can  get  to  the  packing  of  this  stuffing-box,  and  the  lubricant 
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applied  extoni&ll;  aoon  gets  carried  throagh  to  the  cylinder,  some  trouble  is 
experienced  in  keeping  it  steam-tight ;  the  rolling  of  the  ship  also  causes  the 
piston  to  exert  pressure  sideways  on  the  gland  and  packing,  and  further 
aggravates  the  evil.  For  these  reasons  it  is  preferable  to  simply  fit  a  brass 
or  white  metal  bush  in  the  corer  for  the  "  tail "  end  to  wori  in,  and  cover  it 
with  a  dome  or  sheath  fitted  steam-tight  and  tme  on  the  cover,  making  a 
couple  of  grooves  in  the  side  of  the  buah  to  admit  and  release  the  steam. 
But,  on  the  whole,  it  is  very  doubtful  if  these  tail-rods  are  so  efficacious  as 
represented,  and  they  cannot  be  so  beneficial  te  the  good  working  of  tlie 
cylinder  as  a  pisten  with  brood  bearing  surfaces.  It  should  be  noted  tiiat 
when  the  packing-ring  is  pressed  out  by  springs  acting  independently  of 
the  body  of  the  piston,  it  b  advisable  to  form  the  piston  witli  greater  depth 
of  flange  and  junk-ring. 

The  piston  is  secured  to  the  rod  by  a  nut,  and  the  size  of  the  rod  sbonld 
be  such  that  the  stress  on  the  section  at  the  bottom  of  the  thread  does  not 
exceed  6600  lbs.  per  square  inch  for  iron,  and  7000  lbs.  for  steel.  The  depth 
of  this  nut  need  not  exceed  the  diameter  which  would  be  found  by  allowing 
these  streseee.  To  avoid  the  large  cavity  which  is  necessary  in  t^e  cylinder- 
cover  for  the  piston-rod  nut,  many  engine  builders  recess  it  into  the  piston ; 
this  receas  does  not  materially  afiect  l^e  strength  of  the  piston,  and  me  plan 
may  be  followed  with  advantage.  Although  piston-rod  nuts  seldom  work 
loose,  and  those  of  vertical  engines  are  less  liable  te  this  than  are  others,  still 
as  a  measure  of  safety  in  all  cases  a  taper-split  pin  should  be  fitted  to  the  rod 
behind  the  nut,  and  in  the  case  of  large  engines  it  is  usual  to  fit  a  "lock" 
plate  to  the  nut  itself,  or  to  adopt  some  other  means  of  preventing  it  from 
moving  at  all  when  at  work. 


Fig.  49.— Caat-eteel  CnMaheod. 


Caet-steel  Piston-rod  CroBshead. — Fig.  49  represents  the  modem  form  of 
crosshead  made  of  cast  steel  and  designed  in  sut^  a  way  as  a  casting  permits 
of.  It  is,  of  course,  much  lighter  and  cheaper  than  that  of  forged  material, 
shown  in  fig.  46,  and  this  is  especially  so  in  fast  running  engines  which 
require  a  Urge  bearing  surface.  These  crossheods  can  now  be  cast  quite 
sound  and  of  excellent  material  so  as  to  be  practically  as  good  as  a  steel 
forging. 

The  stresses  on  the  various  sections  are,  a-  a  rule,  light,  as  the  governing 
requirement  of  surface  naturally  causes  it  to  t>e  mnch  larger  than  would  he 
the  case  for  mere  strength.    The  gndgeons  can  be  cast  solid,  or  lightened 
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out  as  shown.  The  example  sbowa  in  fig.  49  Iuib  white  metal  fitted  to  both 
the  head-going  and  stem-going  sides,  and  is  without  a  loose  slipper.  Such, 
however,  can  always  be  fitted  to  this  type  of  crosshead  if  desired. 

When  cast  steel  is  objected  to  as  a  material  for  the  gudgeons,  a  com- 
posite design  has  been  adopted  whereby  the  crosshead  is  nude  of  hard- 
wrougfat  steel  and  fitted  to  the  slipper,  &a,  and  secured  by  studs  and 
nuts. 

Back-rode  ftnd  Tnmks. — Horizontal  directacting  engines  had  tail-ends  to 
the  piston-rodfl  with  slipper  guides,  working  on  a  bracket  secured  to  the 
cover,  and  stayed  by  rods  so  as  to  give  a.  rigid  bed  to  the  slide.  Betum 
connecting-rod  engines  had  usually  a  central  back-rod  secured  by  its  flange  to 
the  piston,  and,  passing  through  a  stoffing-box  in  the  cylinder-cover,  guided 
in  the  same  way  as  above  described  (vide  fig.  15).  These  rods  were  usually 
made  of  cast  iron,  and  of  much  larger  diameter  than  the  piston-rods  them- 
selves, so  that  they  added  very  materially  in  supporting  the  pbton.  The 
use  of  light  steel  pistons  has  obviated  the  necessity  for  these  back-rods,  and 
they  are  now  never  fitted. 

Tronk  Engtui. — These  engines,  which  have  been  described  in  Chap,  i., 
have  pistons  with  the  trunks  through  which  the  connecting-rod  passes,  cast 
in  one  with  them ;  the  bock-tmnk,  which  serves  as  a  means  of  getting  at  the 
gudgeon,  as  well  as  a  guide  or  support  to  the  piston,  is  bolted  t«  the  piston 
by  a  flange  fitting  into  a  recess,  in  uie  same  way  as  the  bock-rod  of  the  return 
connecting-rod  engine.  The  crosshead  or  "gudgeon,"  as  it  is  usually  called, 
to  which  the  connecting-rod  is  attached,  is  secured  to  two  strong  lugs  well 
bracketed  to  the  piston  and  front  trunk  by  two  bolts  on  either  side,  its  ends 
being  fattened  and  extended  to  take  these  bolts.  These  engines  ore  arranged 
to  turn  so  that  the  reaction  or  thrust  of  the  connecting-rods  is  upward  when 
going  "  ahead ; "  in  this  way  the  weight  of  the  piston  helps  to  balance  the 
upward  thrust,  which  otherwise  would  have  a  very  prejudicial  efiect  on  the 
cylinder. 

The  thickness  of  the  trunks  at  the  junction  with  tiie  piston  is  about  the 
same  as  the  thickness  of  the  piston  at  t^t  point,  and  this  at  the  mouth  about 
0-7  of  that  at  the  root. 

The  diameter  of  the  trunk  depends  on  the  length  of  stroke  and  diameter 
of  connecting-rod  at  its  middle :  roughly 

Diameter  of  trunk  °>  0-76  x  length  of  stroke. 

Piston-rod  Goides. — The  pressure  on  the  piston  is  transmitted  through 
the  piston-rod  to  the  connecting-rod,  and  the  reaction  of  the  latter  rod  acts 
in  the  direction  of  its  length ;  consequently,  when  the  connecting-rod  is  not 
in  line  with  the  piaten-rod,  the  force  of  its  reaction  can  be  resolved  into  two 
component  forces,  one  in  the  direction  of  the  piston-rod,  and  the  other  per- 
pendicular to  it.  This  latter  force  is  usually  called  the  "thrust  of  the 
connecting-rod,"  and  unless  specially  prevented,  would  tend  to  bend  the 
piston-rod.  To  prevent  such  an  occurrence,  and  to  preserve  the  piston-rod  in 
its  true  course,  a  guide  is  provided,  and  the  piaton-rod  end  fitted  with  blocks 
or  slippers  to  work  in  it  This  thrust  varies  from  O  at  the  end  of  the  stroke 
to  its  maximum  point,  which  is  towards  the  point  when  the  crank  is  at  a 
right  angle  to  the  centre  line  through  the  cylinder,  and  depending  on  the 
cutKiff  point ;  when  steam  is  cut  off  past  half-stroke,  then  this  is  exactly  the 
point  of  maximum  thrust.    To  determine  the  magnitude  of  the  thrust  when 
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P  is  the  total  effective  load  on  the  piBton,  S  the  atroke,  and  L  the  length  e< 
ootmectiiig-rod,  represented  hj  A  B,  fig.  50: 


Fig.  60. 


completing  the  parallelogram  by  the  dotted  lines  A  E,  B  E,  A  C,  then  the  1 
reaction,  K,  of  the  connecting-rod,  represented  in  direction  and  magnitade 
by  A  B,  will  be  resolved  into  two  forces,  P  and  Q,  represented  by  the  lines  ' 
E  B,  A  E,  both  in  direction  and  magnitude.  P  must  equal  the  load  on  the  j 
piston,  and  Q  the  thrust  on  the  guides,  may  be  obtained  by  measuring  B  C  i 
on  a  graphically  constructed  diagram,  or  by  geometry  (slculat«d  aa  fol-  ', 
lows : — 


AC*- AB«  -  BC>-U 


P:Q::AC:BC. 


-(I) 


Or,  by  Trigonometry, 

Q  -  R  sine  BAG, 
F  -  B  cosine  B  A  C,  o 

Therefore, 


>-(-f)' 


,^4  h*  -  S» 


^  °  P  secant  B  A  C. 


Q-P' 


,8ine  BAG 
sBaO 


-  F  ton  B  A  C. 


The  angle  BAG  la  found  by  knowing  its  sine  to  be  half  the  stroke 
-i-  length  of  connecting-rod. 

Example. — To  find  the  thmst  taken  on  the  piston-rod  guide  of  an  engine 
whose  piston  load  is  100,000  lbs.;  the  length  of  stroke  is  60  inches,  and  the 
connecting-rod  is  120  inches  long. 


Thmat  -  100,000  « 


Ji  X  (120)* 


60* 


c  26,819  lbs. 


Snrfoce  of  Qnide-block. — The  area  of  ttie  guide-block,  or  slipper-surftuw 
on  which  the  thrust  is  taken,  when  going  ahead  should  be  sufficiently  large 
to  prevent  the  maximum  pressure  exceeding  100  lbs.  per  square  int^ 
When  the  surfaces  are  kept  well  lubricated  this  allowance  may  be  exceeded, 
but   the   reduction   in   surface   should    be   effected   by  making  shallow 
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I  tint:,  grooves  and  recesses  in  the  face  of  the  slipper,  in  which  the  lubric&nt 
can  lodge  and  impart  itself  bo  the  guide  aa  it  is  carried  along.  A  good 
method  of  carrying  this  into  effect  is  to  provide  a  surface  calculated  on  the 
allowance  of  100  lbs,  per  square  inch,  and  by  cross  planing  so  as  to  leave 
shallow  recesses  about  y^  inch  deep,  reduce  the  actual  surface  which  touchea 
the  guide  to  about  J  of  tie  original  area  ;  there  will  then  be  strips  across  the 
slipper  IJ  inches  wide,  with  depressions  between  them  J  inch  wide,  filled 
with  grease. 

When  the  piston  spcetl  exceeds  300  feet  per  minute  the  area  of  guide- 
block  should  be  increased  to  ensure  continuous  safe  running.  The  safe 
pressure  per  square  inch  may  therefore  be  taken  at  1760  -^  (piston  speed  in 
feet  per  minute  +  100)1. 

For  example,  an  engine  running  at  a  piston  speed  of  900  feet  per  minute 
should  have  guide-blocks  such  that  the  maximum  pressure  per  square  inch 

'" ,.     does  not  exceed   ■  ji ,  or  56  lbs.     Quide-blocks  designed  on  these 

i^^     lines  for  ahead  motion  have  always  ample  provision  for  a«Um-going.     Then 
m  ^;     in  any  engine 

i  (i .  ■  G  ross  area  of  gnide-block  shoe  =  — "     i7R(f ^1-  '"^ 

Cast  iron,  hard  and  close  grained,  is  the  best  material  for  the  guide- 
plates  J  ita  surface,  after  a  few  hours  work,  becomes  exceedingly  faaiS  and 
highly  polished,  and  offers  Tery  little  resistance  to  the  slipper  or  guide-block. 
So  long  as  this  bard  skin  remains  intact,  no  trouble  will  be  experienced,  but 
if  abrasion  takes  place  from  beating  or  other  cause,  it  rarely  works  well  after, 
and  should  be  at  once  planed  afresh. 

The  slippers  or  facing  p]at«s  fitted  to  tiie  piston-rod  or  crosshead  are 
Bometimee  made  d  brass ;  but  brass  seldom  gets  that  smooth  hard  skin  so 
essential  to  good  and  efficient  working,  and  when  once  the  surface  is  grooved 
and  scratched,  it  will  wear  away  very  rapidly.  Cast  iron  is,  after  all,  the 
best  metal  for  this  purpose,  if  care  is  taken  at  the  first  working  of  the  engine 
to  run  for  a  few  hours  at  easy  speed,  so  as  to  rub  down  and  polish  the 
surfaces ;  after  this  is  once  thoroughly  done,  cast-iron  surfaces  will  continue 
to  work  well  with  very  sli^t  attention.  White  metal  is,  however,  often 
used  for  the  facing  of  slippers,  and  works  very  well,  and  for  high  speed  is 
essential  for  good  and  safe  working.  The  best  way  of  using  white  metal  for 
this  purpose  is  to  fit  strips  of  this  mat«rial  into  grooves  planed  across  a  cast- 
iron  slipper,  and  leave  them  standing  from  A  to  j^  inch  above  the  cast  iron. 
The  strips  should  be  about  2  inches  wide,  and  the  space  between  them  about 
1^  inches,  into' which  the  lubricant  can  lodge,  as  before  described.  A  slipper 
fitted  in  this  way  is  shown  in  fig.  46.  It  is  cheaper  and  more  genenu  to 
cast  the  white  metal  practically  over  the  whole  surface  of  the  slipper,  where 
it  is  retained  in  place  by  "  tinning  "  and  underlying  the  edges  of  the  recess 
provided  for  it.  It  is  usual  to  cut  oil-ways  in  the  face  of  the  guide,  which 
distribute  the  oil  across  it,  and  metal  combs  secured  te  the  slipper  dip  into 
the  oil  receiver  at  the  end  of  the  guide,  and  smear  the  face  on  the  return 
I  stroke. 

The  guide  plates  are  sometimes  planed  across,  instead  of  the  slippers,  for 
the  same  purpose  of  retaining  the  lubricant. 

Piston-rod  Craeeheads  and  Qndgeons. — When  there  are  two  piston-rods, 
as  in  the  case  of  tlie  return  connecting-rod  engine,  they  are  united  te  ft, 
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ooiDtnoD  cromheod,  havioff  &  tnmed  joomaJ  in  ttie  middle  for  the  connecting- 
rod  to  work  on ;  or  else  a  bearing  ie  fitted  to  the  croMhead,  in  which  »  gudgeon 
on  the  connecting-rod  works,  l^e  former  (fig.  61)  is  the  better  and  usual  plan 
under  ordinary  circumstances.  This  crosshead  is  of  wrought-iron  or  steel,  and 
made  of  a  form  suitable  to  the  circumstances,  and  arranged  to  work  in  guides. 
I'he  diameter  at  the  middle  must,  of  coui-Be,  be  sufficient  to  withstand  the 
bending  action,  and  generally  from  this  cause  ample  surface  is  provided  for 
good  working ;  but  in  any  case  the  area,  calculated  by  multiplying  the 
diameter  of  the  journal  by  its  length,  should  be  such  that  the  pressure  does 
not  exceed  1 200  lbs.  per  square  inch,  taking  the  maximum  load  on  the  piilon 
as  the  total  pressure  on  it. 


Fig.  SI.— CroMhead  and  GoSdo-blook. 

Let  L  be  the  distance  of  tiie  centres  of  the  piston-rods  in  inches,  and  P  the 
1  on  tiie  piston  in  pounds,  then  for  strength 

Diameter  of  crosshead  should  not  be  less  than  — 

18 

For  good  wearing,  I  being  the  length  of  the  journal, 

p 
Diameter  of  crosahead  should  not  be  less  than  ,^7w^ j- 

Witb  fast^ntnning  engines  an  allowance  of  1200  lbs.  is  too  high.     The 
following  rule,  however,  may  be  followed  where  P  is  the  maii  '      ' 

the  piston,  d  is  the  diameter  and  I  the  total  length  of  gudgeon 
arms  in  inches,  and  R  the  revolutions  per  minute. 


.       ,  _  P  X  ^  +  100 
12,500 
Then  for  any  engine 

Diameter  of  crosshead  =  — ^    *■  ^ — . 

Of  course,  tiie  maximum  load  on  the  crosshead  is  really  the  reaction  of  the 
connecting-rod,  but,  to  avoid  any  complication  of  Uie  calculation,  it  is  sufficient 
to  take  the  load  on  the  piston. 
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When  the  diameter  of  the  crosshead  jonriul  ia  calculated  by  ttie  first  rule, 
tiie  length. is  usnally  made  equal  to  it. 

Direct-actiDg  enginea  have  usually  a  gudgeon  secured  to  the  connecting- 
rod  (fig.  52),  whii^  works  in  a  bearing  in  the  piston-rod  end  (figs.  46 
and  46) ;  or  have  the  gudgeon  at  the  piatoa-rod  end  (figs.  47,  48,  and  49), 
and  oonnecting-rod  (figs,  63  and  53o)  swung  on  it  by  brasses,  Ac.,  on  either 


side.  The  advantage  of  the  latter  plan  is  the  larger  bearing  surfaces 
obtainable,  and  the  brasses  being  on  the  outside  of  the  rods  are  much 
easier  watched  and  adjusted;  on  the  other  hand,  there  are  two  sets  of 
bolts,  brasses,  ic.,  to  lubricate  and  heep  io  order,  and  there  is  the  liability 
from  carelessness  to  put  the  whole  of  the  load  on  one  side  only.  In  the 
main,  however,  thia  plan  is  a  preferable  one  for  lai;ge  and  heavy  rods,  and  it 
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is  ooe  which  admits  of  the  piston-rod  being  (itU^i)  into  its  end  (figs.  48  &nd  49) 
instead  of  forged  with  it.  This  latter  advantage  is  one  well  worthy  of  con- 
sideration, for  it  is  highly  important  that  the  piston-rod  shall  be  quite  free 
from  flaws  and  reeds  on  its  surface,  otherwise  the  packing  soon  gets  damaged, 
and  it  is  then  found  impossible  to  keep  the  glands  from  leaking.  A  steel 
rod  rarely  has  them,  but  it  cannot  be  so  easily  and  cheaply  forged  with 
shoes,  &a.,  on  it ;  henoe  if  the  rod  simply  fits  into  the  crosshead  or  rod  end, 
this  latter  may  with  advantage  be  made  of  oast  steel,  while  tlie  rod  is  <^ 
forged  mild  steel. 

Smaller  engines  are  better  with  the  gudgeon  shrunk  into  the  jaws  of  tiie 
connecting-rod,  and  working  in  brasses  fitt^  into  a  recess  in  the  piston-rod 
end  (fig.  45),  and  secured  by  a  wrought-iron  cap  and  two  bolts. 

The  diameter  of  the  gadgeon  ^  1-25  x  diameter  of  piston-rod. 
„    length        „  „        =  1-4    x  „  „ 

The  area  obtAined  by  multiplying  these  is  exactly  double  the  area  of  the 

§iston-rod  section,  and  so  if  the  maximum  stress  per  square  inch  on  the  rod 
oes  not  exceed  2400  lbs.,  the  above  rule  holds  good ;  if  this  allowance  of 
stress  is  exceeded  in  calculating  the  rod,  t^en  the  Imgth  of  the  gadgeon 
should  be  increased  until  the  pressure  on  thesection,  as  calculated  by  multiply- 
ing length  by  diameter,  does  not  exceed      i  "'  lbs  per  sq.  inch. 

When  the  gudgeon  is  fixed  in  the  piston-rod  (fig.  47),  or  formed  with  the 
guide  ends  as  in  fig.  48,  the  length  of  each  end  shotdd  be  not  less  than  075 
Uie  diameter  of  the  piston-rod. 

The  brasses  when  fitted  into  the  piston-rod  should  be  square-bottomed  and 
of  hard  gun-metal,  with  good  oil-ways,  as  owing  to  the  fnotion  being  through 
a  comparatively  small  angle  only,  the  lubricant  is  not  so  easily  spread.  White 
metal  doe»  not  work  so  well  on  gudgeons  and  crosaheads ;  it  has  a  tendency 
to  abrade,  and  to  viear  the  journal  oval.  This  is  observed  whenever  white 
metal  is  used  on  a  bearing  subject  only  to  a  small  angular  motion,  and  is 
somewhat  peculiar.  White  mettu,  however,  should  be  used  with  mild  steel 
gudgeons,  especially  in  fast-running  engines. 

Gudgeons,  when  fitted  to  the  oom^cting-rods,  should  be  made  of  hard 
steel  or  wronght-iron  case-hardened ;  great  care  is  required,  if  of  the  latter, 
that  they  arc  carefully  ground  true  after  hardening. 

The  bolte  securing  ue  brasses  should  be  of  the  heat  wrought  iron,  or  mild 
steel ;  they  should  be  of  such  a  size  tiiat  the  stress  per  square  inch  of  section 
at  the  bottom  of  the  thread  does  not  exceed  5000  lbs.  when  of  iron,  and  6500 
when  of  steel.  It  is  true  that  where  extreme  lightness  of  machinery  is  a 
sine  qud  non,  these  stresses  have  been  exceeded  by  some  engineers ;  but  even 
under  the^e  circumstances  it  is  unwise  to  exceed  them  by  more  than  10  per 
cent.,  OS  the  saving  of  weight  effected  is  exceedingly  small,  especially  when 
compared  with  the  risk  run  (y.  Table  xlvi.). 

when  tiie  bolts  are  less  than  2  inches  in  diameter,  owing  to  the  un- 
certainty of  the  depth  of  thread,  Ac.,  the  allowance  should  be  10  per  cent, 
less  than  the  above. 

Diametor  of  piston-rod  bolt*  at  the  bottom  of  thread 


■V;. 


D  is  the  diameter  of  piston,  p,  the  efiective  pressure  on  it  per  sqaore  inch. 
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When  there  are  two  bolta  of  iron  /  =  10,000  Iba 
„       ateel  /  =  13,000  Iba 
four      „       iron  /  =  18,000  Iba. 
„        Bteel  /  =  24,600  lbs. 
The  cap  is  of  the  same  width  aa  the  piaton-rod  end — viz.,  1'16  x  diameter 
of  the  rod,  and  ite  tAdckness  equal  to  the  diameter  of  the  boltiB  at  the  bottom 
of  the  thread. 

ConneGtiDg-rDds.^The  length  of  the  conneoting-rod  measured  from  the 
centre  of  the  gudgeon  to  the  centre  of  the  crank-pin  should,  if  possible,  not  be 
lesa  than  twice  the  stroke.  Those  of  the  horizontal  directacting  engines  of 
warships  con  seldom  be  so  long  as  this,  and  were  generally  one  and  three- 
quarter  times  the  atroke ;  those  of  return  oonnecting-rod  engines  are  never 
less  tJian  twice  the  stroke,  and  aometimes  as  much  aa  two  and  a  half  times ; 
those  of  trunk  engines  two  and  a  half  to  three  times  the  stroke.  Quick- 
running  vertical  engines  have  almost  invariably  tiie  connecting-rods  twice 
their  stroke  in  length ;  other  vertical  engines  from  twice  to  three  times, 
but  generally  two  and  a  quarter  times  is  not  exceeded. 

A  oonnecting-rod  may  be  viewed  as  a  strut  loose  at  both  ends,  the 

formula  for  which,  as  given  on  p.  163,  is  R  — =- =— . 

The  value  of  R  will  be  found  by  multiplying  the  load  on  the  piston  by  the 
eec&nt  of  the  angle  of  obhquity  of  the  connecting-rod  (vide  p.  168).  Or  by 
geometry 

R-P  «  2L 

V4  L«  -  S^' 
F  being  the  load  on  the  piston,  S  the  stroke,  and  L  the  length  of  the 
connecting-rod  as  before. 

Simplifying  the  above  formula  by  assuming  a  value  r  for  the  ratio  of 

/  to  d,  and  substituting  -j-  for  S ;  and  taking  the  value  of /at  3000  lbs. 

Diameter  of  connecting-rod  in  the  middle  =  -^'- io.T • 

Example. — ^To  find  the  diameter  at  the  middle  of  the  connecting-rod  of 
an  engine,  60  inches  stroke,  whose  length  ia  ISO  inches,  and  the  load  on  the 
piston  100,000  lbs.,  r  being  taken  at  15. 

,   ■  100,000  -  2  -  m      ,.,.„,.. 

V4  X  120'  -  60* 

J  103,358  (l  .  *;„-»■) 
Diameter  at  middle  =  —^ 7^-= — — ~ —  =  7-6  inches, 

tB'O 

The  following  are  the  values  c^  r  in  practice  : — 

Naval  engines — Direct-acting  -        r  =  9    to  11. 

Return  connecting-rod  r  =  10  to  13,  old. 

„  „  r  =  8    to  9,  modem. 

Trunk  -        -         .        T  =  11-5  to  13. 
Mercantile    „     — Direct-acting,  ordinary  r  =  12. 

„         long  stroke  r  »  13  to  16 


Coot^lc 
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Taking  10  as  the  average  value  of  r  for  naval  engines,  and  13  for  mercantile, 

For  a  naval  engine,  

Diameter  of  connecting-rod  at  middle  -  ^  ^ooo' 

For  mercantile  engines, 

Diameter  of  connectitig-rod  at  middle  =  ^  Tsoff 

The  sizes  given  by  these  rules,  altiioagh  Urge  enough  for  strength,  are 
somewhat  sm^er  than  found  in  aotoal  practioe  in  the  mercantile  marine 
generally. 

The  following  empirical  formula  will  be  found  a  very  useful  one,  and  the 
results  given  by  it  agree  very  closely  with  good  modem  practice : — 

Diameter  of  connecting-rod  at  middle  —  — — 7 ■ 

L  is  the  length  of  the  rod  in  inches,  and 


K  -  003  X  ^Effective  load  on  the  piston  in  lbs. 
Example. — ^To  find  the  diameter  of  the  connecting-rod,  100  inches  long, 
for  an  engine  having  a  load  of  56,000  lbs. 

K  -  0-03  X  JS5,000  -  7-0, 


Diameter 


^  JlW 


The  diameter  of  the  connectdng-rod  at  the  ends  may  be  0875  of  its 
diameter  in  the  middle.  The  tapering  of  rods,  or  making  them  barrel- 
shaped,  is  usual  in  tlie  case  of  those  having  single  brasses  at  both  ends,  such 
as  are  generally  fitted  to  trunk  and  return  connecting-rod  engines ;  then  the 
diameter  of  the  crank-pin  end  is  0-925  of  the  diameter  at  middle.  Direct- 
acting  engines  have  usually  the  oounecting-roda  tapering  from  the  gudgeon 
end  to  the  middle,  and  then  parallel,  or  nearly  so,  to  the  crank-pin  end. 

It  is,  however,  simpler  and  eufficiently  accurate  to  follow,  in  the  case  of 
oonnectiiig-rods,  a  similar  rule  te  that  laid  down  on  p.  164  for  piston- 
rods,  via.: — 

Diameter  of  connecting-rod  ' 

Here  p  is  the  boiler  pressure  absolute  -  30  for  the  high-pressure  cylinder  of 
a  triple  or  quadruple  engine ;  one-half  that  pressure  for  tiie  medium-pressure 
cylinder;  and  for  the  low-preasure  cylinder  that  pressure  divided  by  the 
ratio  of  low-pressure  to  bigh-presaure  cylinder.  F  may  be  taken  at  65  for 
the  crossbead  end  of  fast-numing  light  engines,  and  60  of  mercantile  engines 
of  ordinary  ^pe.  The  diameter  of  the  rods  at  the  middle  may  be  got  by 
dividing  by  P  -  L,  where  L  is  the  leng:th  of  connecting-rod  in  feet. 

Connecting-rod  Bolts. — The  diameter  of  the  bolts  m^  be  calculated  by 
allowing  the  same  stress  per  square  inch  as  that  given  for  piston-rod  bolts. 
It  is  usual  now,  from  practical  considerations,  te  make  the  bolts  of  boUi 
piston  and  connecting-rod  of  the  same  sise ;  the  bolts  Uierefore  shoold  be 
calcnlated  from  the  load  on  the  connecting-rod.     In  order  that  the  whole  of 
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the  stretch  sliall  not  oome  on  one  seotaon,  as  at  the  bottom  of  the  last  thread 
of  an  ordinal^  bolt,  it  is  better  to  turn  part  of  the  body  rf  connecting  and 
piston-rod  bolta  to  the  same  diameter  as  at  the  bottom  of  tiie  thread,  leaving 
it  a  little  larger  than  the  diameter  over  the  thread  close  to  the  head,  and  in 
vay  of  any  joint — that  is,  the  bolt  is  made  -with  a  plut  thread,  and  bearing 
collars  where  required. 

Connecting-rod  Brasses. — ^The  crank-pin  brasses  ore  more  severely  tried 
than  any  others  about  an  engine,  and,  therefore,  shonld  be  most  carefully 
designed,  and  made  of  the  very  best  material.  Some  engineers  make  the 
brasses  to  form  the  end  of  the  rod  (fig.  63),  and  retained  to  it  bv  bolts  and  a 
vTOQght-iron  cap ;  others  prefer  that  they  shall  only  act  as  bu^es  or  liners 
to  the  connecting-rod,  sometimee  fitting  them  into  a  square  or  octagonal 
recess  in  the  rod  end,  and  held  in  place  by  a  flat  cap  and  bolts,  just  aa  is 
generally  done  to  piston-rod  ends ;  but  more  generally  they  ore  fitted  in 
duplicate  halves,  as  shown  in  fig.  52.  The  former  plan  is  a  very  expensive 
<me  when  they  ore  of  large  size  and  made  of  brass,  on  atxtount  <^  the  great 
weight  required,  and  consequently  are  also  coatly  to  renew  when  worn, 
besides  wMch  they  are  very  liable  to  get  out  of  sliape  when  heated,  and  to 
crack  through  the  crowns.  The  latter  plan  avoids  the  use  of  so  much  brass, 
gives  a  good  sohd  bed  to  the  brasses,  and  leaves  the  bolts  free  of  all  strain 
except  tension.  When  rods  are  made  in  this  way  it  is  usual  to  forge  the 
head  of  the  rod  solid,  and  turn  it  and  the  cap  at  the  same  operation ;  the 
hole  for  the  brasses  is  bored  or  slotted  out  (the  latter  when  the  hole  is  9 
inches  and  upwards  in  diameter)  roughly ;  the  head  is  then  slotted  through 
or  parted  in  the  lathe  so  as  to  cut  off  the  cap,  the  space  left  by  the  tool  being 
equal  to  twice  the  difference  in  thickness  of  the  brass  at  the  crown  and  sides ; 
(he  cap  is  then  bolted  close  to  the  rod,  and  the  bole  bored  out  to  the  diameter 
of  the  braasee  measured  across  the  rod.  The  brasses  are  kept  from  taming 
by  a  brass  distance  piece  secured  between  the  cap  and  rod  and  projecting 
between  the  brasses,  and  in  the  case  of  large  brasses  a  short  feather  is  fitted 
close  to  each  flange  in  the  crown.  AH  brasses  have  a  tendency  to  close  on 
the  pin  or  joumaj  after  having  been  hot,  because  the  inner  surface  becomes 
warm  first,  and  the  metal  in  expanding  tends  to  straighten  the  curved  P^rt; 
this  is  resisted  by  the  other  part  of  the  brass  and  the  bed  in  which  it  is  fitted, 
and  in  consequence  this  inner  surface  gets  compressed  permanently,  so  that 
on  cooling  down  it  contracts,  and  tries  then  to  give  the  brass  more  curvature, 
and  so  presses  hard  on  the  journal.  This  is  tbe  reason  why  some  bearings 
will  never  work  cool  but  always  a  trifle  warm,  this  slight  amount  of  heat 
causing  the  brass  to  expand  so  as  to  truly  fit  the  journal.  It  is  now  not  at 
all  uncommon  to  make  these  fittings  of  cast  iron  when  lined  with  white 
metal;  indeed,  cast  iron  carries  white  metal  better  than  brass  does,  and 
when  of  good  mixture  is  quite  as  strong  as  good  gun-metal,  and  stronger 
than  the  common  brass  so  often  used  with  white  metaL 

Fig.  B3a  is  an  example  of  a  modem  connecting-rod  witii  the  jaws  made 
as  part  of  a  oone,  instead  of  as  in  fig.  53,  thereby  providing  a  better  connec- 
tion between  each  jaw  and  the  body  of  the  rod,  as  well  as  permitting  of  its 
being  machined  much  more  cheaply.  This  rod  is  fitted  with  cast-iron 
beanngs  at  each  end,  lined  with  white  metal.  This  form  of  rod  and 
"brasses"  is  now  very  generally  used  in  the  meroontUe  marine  for  engines 
of  all  axes. 

White  metal  is  better  than  bronze  for  the  rubbing  surface  of  the  crank- 
pin  "  bmases,"  and  it  is  important  that  the  white  metal  shall  project  beyond 
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the  brass  "  bo  that  it  alone  bears  on  the  pin.  For  this  purpose  strips  of 
white  metal  should  be  fitted  into  grooves  pl^ed  in  the  "  brass  '  and  be  well 
banmiered,  so  as  to  thoroughly  fill  tiie  spaces,  after  which  it  should  be 


smoothlv  bored  and  fitted  to  the  pin.     Brasses  which  have  not  been  originally 
designed  for  white  metal  may  be  fitted  in  this  way,  or  by  boring  some  fallow 
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holes,  vhose  diameter  at  the  bottom  is  more  than  at  the  surface,  casting  into 
them  buttons  of  white  metal,  and  after  hammering  down  boring  out  the  brass 
so  that  the  white  metal  stands  out  bejond  the  original  wearing  surface. 

A  very  good  plan,  but  somewhat  more  expensive  and  not  mora  effident  than 
the  one  above  described,  is  to  run  the  white  metal  into  recesses  so  cast  with 
the  brass,  hammer  it  well  in  place,  bore  out,  and  then  plane  out  the  brass 
intervening  between  the  white  metal  patdies,  leaving  only  slight  ridges 
surrounding  the  latter,  which  prevent  it  from  being  spread  out.  The  most 
general  plan,  however,  is  to  have  a  recess  in  the  "brass "  or  shell,  which  is 
now  ofton  of  cast  iron  instead  of  bronze,  tin  the  surface  and  run  the  metal 
in  place  while  tiie  shell  is  warm.  When  cold  bore  out  as  usual,  trim  the 
edges,  ice,  and  cut  grooves  for  the  oil  to  circulate  in  the  surface  of  the  metal 
(r.  fig.  53a). 

Caps  of  Connecting-rod  Brassee. — The  width  of  the  connecting-rod  end 
should  be  a  little  larger  than  its  diameter  at  the  end;  its  thic^ess  (in 
direction  of  the  length)  -  0-6  x  diameter  at  middle. 

The  thickness  of  cap  at  middle  -  0*8  x  diameter  of  body  of  bolts 
+  0-1  K  pitch  of  bolts. 

Thickness  of  cap  at  ends  =  diameter  of  bolt«  at  bottom  of  thread. 

For  ease  of  manufacture  caps  are  generally  made  straight  and 'of  thickness 
given  by  the  first  rule. 

Gudgeon  End  of  Rod. — ^The  jaws  of  every  connecting-rod  are  subject  to 
forces  which  tend  to  open  them  on  the  down  stroke  and  close  them  on  the 
ap.  When  fitted  with  a  gudgeon-pin  secured  in  the  eyes,  as  in  fig.  52,  the 
jaws  are  subject  to  bending  momenta  at  the  various  sections,  which  become 
maxima  at  a  point  just  below  the  gudgeon  and  also  at  an  angle  of  about  40* 
to  the  vertical  through  the  centre  of  curvature  of  the  inner  portion.  When 
the  rod  is  fitted  with  "  brasses "  working  on  a  crosahead,  as  in  fig.  63,  the 
maximum  bending  moment  is  at  an  angle  of  about  40°  to  the  vertical  or  axis 
of  the  rod,  and  is  greater  than  when  with  a  gudgeon  secured  to  the  rod  ends. 
When  the  diameter  of  the  gudgeon  or  cross-head  ends  is 

Diameter  of  cylinder         , — 

then 

Let  P  be  the  maximum  re-current  load  on  the  piston. 

L  the  width  from  centre  to  centre  of  gudgeon-rings  or  of  crosshead 
brasses  when  so  fitted. 

F  =  P  -;-  3000,  then 

Diameter  of  gudgeon-ring         =  diameter  of  gudgeon  -f-  r25  x  F. 
Thickness        „        „  -  0-86  x  F. 

Width  of  jaw  =  1-38  x  F,  or  M  x  diameter  of  rod. 

Thickness  of  jaw  in  line  at  40'  =  -48  F  x  L  when  with  gudgeon. 
„  „  „      —  '52  F  X  L  when  with  brasses. 
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CHAPTER  IX. 

SBAFTIHO — CBANU  AHD  OBjUIK-SHAITS,    Era 

Harihb  Bbafting  ia  inrariably  of  circular  section  and  generally  solid,  so  that) 
in  speaJcing  of  a  shaft  one  of  this  descriptioD  will  be  always  understood. 

In  practice,  a  abaft  may  be  subject  to  a  simple  strain,  such  as  is  due  to 
twisting  or  bending  alone,  or  to  the  combined  action  of  two  or  more  strains. 
And,  strictly  speaking,  every  shaft  ia  subject  to  bending  and  shearing  Btraina 
caused  by  it«  own  weight ;  but  aa  these  latter  are  usually  so  small,  compared 
with  the  stresses  to  which  shafts  are  subject  from  external  forces,  it  is  usual 
to  omit  them  from  consideratioD  in  all  calculations  of  strength.  Such  strains, 
however,  mnst  sometiiues  come  under  consideration  in  very  extreme  cases,  as 
when  from  some  cause  the  l>eariiigs  or  supports  are  very  far  apart,  or  when  a 
flywheel  or  other  heavy  fitting  is  attached  to  a  shaft  whose  bearings  are 
remot«  from'the  centre  of  gravity  of  the  abaft  and  fittings. 

Twisting  Moment. — If  a  force  is  acting  on  a  shaft  ao  aa  to  turn  it,  or  tend 
to  turn  it,  round  on  its  axis,  it  is  called  a  twisHng /one,  and  the  ^ort  of  this 
force  is  measured  by  multiplying  it  by  its  distance  from  the  axis,  and 
called  the  tunating  momeiU  or  torqwe.  Suppose  F  is  the  thrust  along  tlie 
connecting-rod  when  at  right  angles  to  the  crank,  and  L  is  the  distance  of 
the  centre  of  the  crank-pin  from  the  centre  of  the  shafts  F  x  L  is  the  twistr 
ing  moment  on  the  abafli. 

When  on«  force  is  acting  on  the  shaft  as  above  described,  tlie  second 
force,  whioh  completes  the  couple,  is  the  reaction  of  the  bearing,  which  is 
eqoal  to  F,  but  acts  in  the  opposite  direction.  If  the  force  F  and  the 
reaction  K  act  in  a  plane  parpendieuiar  to  the  axis  of  the  shaft,  they  will 
cause  no  bending  action  on  the  shaft,  but  there  will  be  a  force  K  tending  to 
shear  the  shaft  across.  But  in  actual  practice  it  is  almost  impossible  that  F 
and  R  shall  act  in  snch  a  plane,  and  they  usually  act  in  planes  parallel  to 
one  another,  and  perpendicular  to  the  axis  ;  bence,  the  shaft  is  also  subject 
to  a  bending  action.  But  if  a  shaft  is  tamed  by  means  of  iioo  equal  forces 
acting  in  opposite  directions,  one  on  either  side  of  the  shaft  and  equidistant 
from  the  axis  and  in  the  some  plane,  then  the  shaft  is  balanced,  these  forces 
will  cause  no  pressure  on  the  bearings,  and  it  is  subject  therefore  to  twisting 
strains  only.  If  one  shaft  is  coupled  to  another  shaft,  from  whioh  it  ia  to 
transmit  power  by  two  coupling  bolts  equidistant  from  the  centre,  it  will 
only  receive  a  twisting  strain.  Such  is  the  state  of  the  shafting  from  the 
crank-shaft  to  the  propeller-shaft  of  a  screw  Bt«amship. 

Bedstance  to  TwlBtiDg.— Let  T  be  the  twisting  moment  on  a  shaft  in 
inch  pounds,  tf  the  diameter  of  the  shaft  in  inches,  and /the  stre.^  per  sqnare 
inch  on  the  transverse  section  of  the  shaft.  Then  (Rankine,  Applied 
MeehanicB,  p.  355) 

For  wrought  iron  /  should  not  exceed  6000  lbs.,  and  when  the  shafts  are 
more  than  10  inches  diameter  7000  lbs.  is  the  highest  stress  to  whidi  the 
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iron  shonld  be  subjected.  Steel,  when  made  from  the  ingot  knd  of  good 
materials,  will  admit  of  a  stress  of  10,500  lbs.  for  small  sbafts,  and  9000  Iba. 
for  thoee  above  10  inches  diameter.  The  difference  in  the  allowance  between 
large  and  small  abafte  is  to  compensate  for  the  defective  material  observable 
in  the  heart  of  large  shafting,  owing  to  the  hammering  failing  te  perfect  it. 
Id  practice,  shafts  for  continuous  work  are  designed  for  stresses  20  te  35  per 
cent,  less  than  those  here  given  to  allow  for  strains  beyond  those  included 
in  the  calculations,  and  permit  of  longer  service.  When,  however,  the  work 
is  not  continuous  s.nd  the  full  power  only  oceaaionally  employed,  even  higher 
allowances  may  be  made  for/  (v.  Table  xlvi.),  but  always  betuing  in  mind 
the  fact  that  resistance  to  shear  is  only  80  per  cent,  of  the  tensile  strength 
of  wrought  inm  and  mild  steeK 

EaxmtpU. — To  find  the  diameter  of  an  iron  shaft  subject  to  twisting  only, 
the  force  oeing  100,000  lbs.  acting  at  a  distance  of  24  inches. 
T  =  100,000  V  24  =  2,400,000  inch-lbs. 


^ 


2,400,000 


5'1  ■■  11-5  inches. 


sooo 

Diameter  of  a  Shaft  Bnttject  to  Tordon. — If  a  constant  force  F  were  applied 
te  the  crank-pin  tongentially  to  its  path,  then  the  work  done  per  revolution 

will  be  P  X  — To-'  ^  being  tlie  length  of  the  crank  in  inches  ;  then  if  B  be 

the  number  of  revolutions  per  minnte, 


Work  done  per  minute  -  P  = 

2»L 

R  - 

-        (1) 

But  this  work  ia  equal  to  I.H.F. 
F  X  L  conatanUy.    llieQ 

X  33,000; 

ud  the 

twiating 

moment  is 

(PxL)x 

T.^^- 

I.H.P.  y: 

33,000, 

and 

P  X  L  . 

I.H.P.  . 

3< 

33,000  X 
r  X  B 

12 

That  is, 

Mean  twisting 

:  moment  = 

■  ~R-  ■ 

<  63,000. 

-        (2) 

And  as  before 

^  _   s/I.H.F.  X  63,000  X  61 

'*"\  Bx/     

g/ I.H.I'.      32T;300  ,,. 

=  ^-g^  X— ^^ ....(*; 

If /be  taken  at  7800  for  iron 

Diameter  of  shaft  =■    */  -'^'^-  x  42-84.   -        -        -        -        (4) 

But  as  shafts  must  be  strong  enough  to  resist  the  maximum  twisting  stress, 
it  is  necessary  olw^s  to  oase  calculations  on  it  instead  of  on  the  mean 
twisting  moment.  The  factor  42-84  must,  therefore,  be  multiplied  by  the 
ratio  of  mazimam  to  mean  moment,  as  given  in  Table  xri 
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Profeasor  Bonkiae  directe  (Sviei  and  Tablet,  p.  250),  in  order  to  find  the 
ureateat  twisting  moment  from  the  mean :  if  a  abaft  is  driven  bv  a  single 
engine,  multiply  by  1  -6 ;  if  by  a  pair  of  engines  with  cranks  at  right  angles, 
by  l-'l ;  if  by  three  engines  with  cranks  at  angles  of  one-third  of  a  rerolntion, 
by  106. 

Theee  values  are,  however,  very  much  lower  Uian  usually  obtained  in 
practice. 

For  a  tbree-craok  engine,  cranks  at  120°,  cnttiog  off  at  half  to  three- 
quarter  stroke,  multiply  by  1-15, 

For  »  two-  and  four^crank  engine  having  cranks  at  right  angles,  cutting 
off  steam  at  half  to  three-quarter  stroke,  multiply  by  1-3. 

For  a  single-cylinder  engine  cutting  off  steam  at  half  stroke,  by  30. 

The  following  rule  holds  good  for  the  ordinary  engines,  as  found  in 
general  use  in  the  merchant  service 


Diameter  of  the  tunnel  shafts  : 


g  /I.H.F. 
V       B 


(5) 


Compound  engines,  cranks  at  right  angles — 

Boiler  pressure  70  lbs,,  rate  of  expansion  6  to    7,  F  =  70. 
90        „  „  7  to   9,  F  =  74. 

110        „  „  8  to  10,  F  -  78. 

Triple-compound,  three-cranks  at  120*       — 

Boiler  pressure,  150  lbs.,  rate  of  expansion  10  to  12,  F  =  62. 

„  165         „  „  II  to  13,  F  =  64. 

„  180        „  „  12  to  16,  F  =  67. 

200        „  „  13  to  16,  F  =.=  70. 

Quadruple-compound  engines,  two  cranks,  right  angles,  F  —  72. 

„  „  four  cranks,  F  =  70. 

Expansive  engines,  cranks  at  right  angles,  and  the  rate  of  expansion  6, 

boiler  pressure  60  lbs.,  F  =  90. 

Single-crank  compound  engines,  pressure  80  lbs.,  F  =  96. 
The  shafts  of  torpedo-boats,  destroyers,  and  fast  yachte  which  are  run  at 
full  speed  only  occasionally,  aud  for  short  periods,  may  be  designed  by  taking 
F  at  about  a  half  of  the  above  values. 

Bending  Moment. — -If  a  force  is  acting  on  a  shaft  tending  to  bend  it  only, 
its  effort  is  called  the  bending  mom^it,  and  is  measured  by  multiplying  the 
force  by  the  distance  at  which  it  acts  from  the  support  of  the  shaft. 

If  the  shaft  is  overhung  hke  a  cantilever,  and  a  force  F  is  applied  at  a 
distance  L  from  the  point  of  support, 

The  bending  moment  =  P  x  L         -        -    (0 
If  snpported  on  two  bearings,  whose  distance  apart  is  L,  and  a  force  P  is 
applied  at  a  point  midway  between  these  -two  bearings, 

The  bending  moment  -  — ^ — .        -        -    (3) 

If  tlie  bearings  are  long — that  is,  exceeding  the  diameter  of  the  shaft  in 
length,  and  are  also  strong  and  rigid,  so  that  the  shaft  is  held  by  them 
suffidently  to  prevent  flexure  taking  place  in  the  bearing, 

The  bending  moment  •<•  — ^ — .  -    (3) 
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Since,  however,  few  shaUm  are  so  secured  as  to  comply  with  these  conditaons 
exactly,  any  shaft  supported  in  strong  bearings  not  less  than  1  diameter  long, 
and  whose  distanoe  apart  does  not  exceed  10  diameters,  and  which  has  to 
work  freely  in  its  bearings,  may  be  treatod  as  partly  complying  with  these 
conditions,  and 

The  bending  moment  =  — ^ —         •        -    (i) 

When  the  bearings  are  not  rigid  enough  to  prevent  fiexure  of  the  shaft 
within  them,  L  must  be  measured  from  the  centres  of  the  cap  bolts,  so  that 
where  each  cap  is  held  down  by  a  pair  of  bolts  L  is  measured  to  the  centres 
of  bearings.  If  the  caps  and  bearings  are  strong  and  rigid  enough  to  resist 
any  tondency  to  bend  by  the  action  of  the  shaft,  L  may  be  measured  from 
the  edge  of  the  bearing  or  cap.  If  the  bearing  is  fitted  with  brasses,  which 
project  beyond  the  cap  and  bed  so  much  as  to  receive  little  or  no  support 
from  them,  L  must  still  be  measured  from  the  edge  of  cap.  In  a  few  words, 
the  distance  must  be  measured  from  what  would  be  the  actual  points  of  sup- 
port if  it  is  bent  W  severe  pressure. 

BesiBtEince  to  Bending. — The  strength  of  a  circular  section  shaft  to  resist 
bending  is  only  half  of  that  to  resist  twisting.  If  M  is  the  bending  moment 
in  inch  pounds,  and  d  the  diameter  of  the  sluft  in  inches, 

/  is  a  factor  which  depends  on  the  material  of  which  it  is  composed,  and 
the  value  may  be  based  on  the  fact  that  it  is  in  tension  and  compression. 
The  only  sham  in  a  marine  engine  which  are  subject  to  bending  only  are 
some  weigh-shafts  having  double-ended  levers,  similar  to  the  side  levers  of 
paddle-wheel  engines,  and  their  diameter  is  determined  from  otiier  considera- 
tions than  that  of  mere  strength ;  but  with  them,  as  with  the  crossheads  of 
retam  connecting-rod  engines,  care  should  always  be  taken  that  the  size  soit- 
able  for  good  working  in  the  bearings  should  be  sufficient  for  strength. 

Equivalent  Twisting  Homent. — When  a  shaft  is  subject  to  bo(£  twisting 
and  bending  simultaneously,  the  combined  stress  on  any  section  of  it  may  ba 
measured  by  calculating  what  is  called  the  equivalent  tieiatinff  momant — that 
is,  the  two  stresses  are  so  combined  as  to  be  treated  as  a  twisting  stress  only 
of  the  same  magnitude,  and  the  size  of  shaft  calculated  accordingly.  Pro- 
fessor Kankine  gave  the  following  solution  of  the  combined  action  of  the  two 
stresses  {vide  Bankine,  Rviea  and  Tahiti,  p.  337) ; — Let  T  be  the  twisting 
moment  on  a  shaft  when  M  is  the  bending  moment  on  a  section,  then  taking 
T^  as  the  equivalent  twisting  moment. 

Ti  =  M  -H  JW^TW. 

ExampU. — ^To  find  the  diameter  of  a  section  of  a  shaft  at  which  the  bend- 
ing moment  is  40,000  inch-pounds,  xben  the  twisting  moment  is  250,000  inch- 
pounds.     The  shaft  of  iron  /  -  7500  lbs. 

Here  ^_^ 

T,  =  40,000  +V*<*,000*  +  250.000' 
=  40,000  +  10,000^4"  +  25* 
-  293,170  inch-pounds. 

Goo'^le 
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Cnnk  ShaltB. — These  ahafte  are  subject  always  to  twisting,  bending,  aud 
shearing  stresses ;  the  latter  are  so  small  compared  with  the  former  tbati 
ihey  are  usu^y  neglected  directly,  but  allowed  for  indirectly  by  means  of 
the  factor  f,  as  already  stated. 

The  two  principal  stresses  vary  thronghout  the  revolution,  and  the  maxi- 
mum equivalent  twisting  moment  can  only  be  obtained  accurately  by  a  series 
of  calculations  of  bending  and  twisting  moments  taken  at  fixed  intervals, 
and  from  them  construct  a  curve  of  strains. 

CoiTfl  of  Twisting  HomentB. — The  twisting  moment  at  any  poeitaon  of  the 
crank  is  equal  to  the  pressure  on  the  piston  multiplied  by  the  distance  inter- 
cepted by  a  line  through  the  connecting-rod  on  a  line  at  right  angles  to  centre 
line  through  centre  of  cylinder. 


Fig.  H. 

Let  A  B  (fig.  64)  be  the  centre  line  of  the  engine  through  tlie  cylinder  and 
shaft  centres,  A  C  the  position  oi  the  crank,  B  C  the  connecting-rod,  and  A  D 
a  line  at  right  angles  to  A  B.  Produce  B  C  to  out  the  line  A  D,  and  dr<m 
from  A  a  line  A  E  perpendicular  to  B  C.  P  is  the  load  on  the  piston,  and  R 
is  the  thrust  on  the  oonnecting-rod.  It  will  easily  be  proved  tliat  the  angle 
D  A  E  is  equal  to  the  angle  A  B  D,  called  for  convenience  a.  Then 
P=  Rooaa;andAE  =  ADcosi». 
The  twisting  moment  =  B.xAE  =  RxADcosoi-PxAD. 

Iiet  the  twisting  moment  be  calculated  at  equal  intervals  of  say  10*  of 
angular  movement  of  the  crank,  so  that  in  the  whole  revolution  there  will  be 
36  observationa,  or  18  in  the  half  revolution.  Draw  a  line  A  B  ^fig.  SS),  and 
divide  it  into  18  equal  parts,  Aoj,  a^^  &c;  erect  at  these  points  perpen- 
diculars, and  cut  off  parte  a,6„  Oj&j,  Jcc,  to  represent  the  value  of  the  twisting 
momenta  at  eaeh  correspondjng  position  of  the  craok  to  a  suitable  scale. 
Through  the  points  6,  h^  Ac.,  draw  a  curve,  which  represents  the  curve  of 
strain  on  the  shaft  during  the  forward  movement  of  the  piston ;  by  producing 
A  B,  and  going  throu^  a  similar  operation  for  the  second  half  of  the  revolu- 
tion, the  curve  of  strain  during  the  backward  movement  of  the  piston  can  be 
obtained. 


CURVE  OF  TWISTIKQ  MOMBSTS. 
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Divide  the  area  enclosed  between  this  curve  and  the  line  A  B  by  the 
length  of  A  B,  and  the  quotient  b  the  mean  twisting  moment,  and  repre- 
sented by  A  M  in  fig.  55,  so  tb&t  the  rectangle  A  M  K  B  is  equal  in  area  to 
the  figure  ABC. 

The  value  of  A  M  may  be  calculated  by  taking  a  mean  of  the  values  of 


Whei 


Ac 


'nen  t^ere  are  two  engines,  that  is,  two  pistons  operating  on  one  shaft, 
the  combined  twisting  moment  in  found  by  drawing  the  curve  of  twisting 
moments  of  each  crank  separately,  transposing  that  of  one  on  that  of  the 
other  in  a  position  corresponding  to  the  relative  position  of  the  cranks.  In 
fig.  56  A  C  B  is  the  curve  of  strain  on  one  crank,  and  AjCjBj  that  on  the 


Fig.  56.— Ourrs  of  Twisting  Momenta. 
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Fig.  66. — Curve  of  Combined  Twisting  Momenta. 

other,  which  is  at  an  angle  with  it  of  degrees  represented  by  A^^.  The 
combined  twisting  moment  at  any  period  a  is  represented  by  a  d,  which  is 
equal  toab  +  a  c,  and  the  dotted  curve  CdC^,  &c.,  represents  the  curve  of 
combined  twisting  momente. 

The  maximum  twisting  moment  will  be  at  the  point  where  the  curve  is 
highest,  and  the  ordinate  may  be  measured  and  its  value  found  by  referring  to 
liie  scale  to  which  the  curve  is  drawn.  The  mean  twisting  moment  may  be 
found  by  measuring  the  area  included  between  the  dotted  curve  and  the  nose 
line  and  terminal  ordinates,  and  dividing  by  the  base  line,  or  by  taking  a 
mean  value  from  the  ordinates  as  before. 

If  there  are  three  engines,  a  similar  operation  will  indicate  the  n 
twisUng  momenti. 


<^00' 
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The  pressures  at  the  different  points  may  be  taken  from  the  indicator 
diagrams,  or  by  constructing  diagrams  from  the  conditions  under  which  the 
engine  is  to  work. 

The  bending  moment  on  a  section  of  tbe  shaft  will  vary  exactly  wiUi 
ttie  pressure  on  the  crank-pin,  and  to  find  the  maximum  equivalent  twisting 
moment  on  a  section,  it  is  only  necessary  to  construct  a  secondary  curve  from 
the  formula  T,  =  M  +  vM*  +  T*  between  the  point  of  maximum  twisting 
and  that  at  wnicb  the  pressure  on  the  piston  is  greatj^t. 

^VheIl  steam  is  not  cut  off  in  the  cylinder  before  0'4  of  the  stroke,  the 
maximum  load  on  the  piaton  may  be  used  to  calculate  the  bending  moment, 
which  is  to  be  combined  with  ^e  maximum  twisting  moment  to  find  the 
maximum  equivalent  twisting  moment.  Only  when  steam  is  cut  off  earlier 
than  this  does  the  point  of  maximum  equivalent  twisting  moment  differ 
much  from  the  point  of  maximum  twisting. 

Momentum  of  Moving  FartB. — Id  making  these  calculations  it  has  been 
assumed  that  the  movini;  parts,  such  as  the  piston  and  rods,  have  no  efiect 
on  the  force  exert«d  on  tbe  shaft ;  but  this  is  not  strictly  true,  for  since  theae 
parts  are  of  consideisble  weight,  a  part  of  ^e  energy  of  the  steam  is  absorbed 
at  the  commencement  of  the  stroke  in  overcoming  their  inertia,  and  conse- 
quently the  strain  on  the  crank-pin  is  less  then  uian  is  represented  on  the 
curves.  Again,  towards  the  end  of  the  stroke  the  momentuTnf  or  energy  thus 
stored  in  these  moving  parts,  is  given  out  on  the  crank-pin,  and  causes  lai^er 
strains  on  it  than  shown  by  the  curve.  The  further  consideration  of  the  effect 
of  the  inertia  and  momentum  of  the  moving  parts  will  be  found  in  Chap.  xxiv. 
It  is  sufficient  to  say  here  that  the  general  tendency  is  to  modify  the  stresses 
on  the  crank  shaft,  oa  also  those  of  the  connecting-rods,  piston-rods,  &c.,  so 
that  if  any  of  these  are  strong  enough  to  withstand  tihe  stresses  due  to 
external  forces,  they  are  sufficiently  strong  for  the  engines  when  moving. 
Indeed,  it  is  only  at  very  high  speeds  that  momentum  need  be  taken  into 
account. 

The  following  Table  (xvi.)  gives  the  relation  between  the  maximum 
and  mean  twisting  momenta  of  engines  working  under  various  conditions, 
the  momentum  of  the  moving  parts  being  neglected  : — 

TABLE  XVI. 


DMcrlptlon  of  BngiDB. 

Bt«uu<niUilI>t 

MwuTwIrt. 

Single-crank, 

0-3 

2  1126 

0-4 

2123 

oe 

1-83S 

0'8 

1-696 

Two-cylinder,  oranks  at  W, 

0-1 
0-2 
0-3 
04 
0-6 

oe 

0-7 
0-8 

1-872 
1616 
1416 
1-298 
I'SSe 
1-270 
1-329 
1-357 

triple, 

H.P.  0-6,  L.P.  0-60 

1-40 

0-6 

1-26 

OVERHUNG  CRANK.  18& 

Orerhnng  Crank. — The  simplest  form  of  crank  is  that  known  as  the  over- 
biiiig  crank,  such  as  is  naually  fitted  in  mill  engines,  but  hardlv  found  now 
in  mftrine  engines.  The  shaft  projects  bevond  the  bearing,  and  naa  keyed  to 
its  end  a  lever  or  disc,  in  which  is  secared  the  crank-pin. 

The  piu  is  subject  to  beading  and  shearing  forces,  due  to  tiie  thrust  od 
the  connecting-rod.  The  maximum  bendine  moment  on  the  part  of  tbe  pin 
close  to  the  crank  ia  found  by  multiplying  the  greatest  thrust  of  oonneoting- 
rod  by  the  distance  to  the  centre  of  the  oounecting-rod. 

If  B  LB  the  thrust  of  the  connecting-rod,  and  /  the  lengtli  of  tiie  pin,  than 

*  Bending  moment  on  crank-pin  =  — ^ — i 


and  diameter  of  pin  -    »/^  "  ^  x  —  -    »/?ZI77l 

BxampU. — ^To  find  tlie  diameter  of  tiie  cnmk-pin  whose  length  is  14  ins. 
and  the  tiinut  of  connecting-rod  ia  129,000  lbs.,/beiiig  of  steel  and  taken  at 
9000  lbs. 


v^ 


125,000  X  14 


C-1  =  9-97  ins. 


Fig.  67.— Cranks  of  P»(ldl«-wbeel  Engine. 
The  crank-arm  (fig.  57)  ia  to  be  treated  as  a  lever,  ao  that  if  a  is  the 
thickneaa  in  direction  parallel  to  the  abaft  axis,  and  6  ita  breadth  at  a  aectlon 
X  inchea  from  the  cntnk-pin  centre,  then 

Bending  moment  M  at  tbat  section  —  B  x  o^ 
,  a  X  fc«      M 

and  ~6-=7' 

6M 
a  -  j5-^. 

If  a  crank-arm  were  constructed  ao  that  b  varied  as  i/x~(a3  given  by  the 
above  rule),  it  would  be  of  such  a  form  as  to  be  inconvenient  of  manufacture, 
and  oonaequently  it  ia  customary  in  practice  to  find  the  maximum  value  of 
b,  and  draw  tangent  lines  to  the  curvea  at  the  pointa ;  these  lines  are  genor- 
ally,  for  the  same  reaaon,  tangential  to  the  boss  of  the  crauk-arm  at  the  waft 
*  For  other  coaditions  as  to  size  of  pins,  vidt  p.  195. 
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The  betiding  moment  decrettsea  as  the  distance  fron)  t^e  cnuik-pin 
decreases,  while  the  abesring  stress  is  the  same  throughout  the  cnmk-arm  ; 
Gonseqnentlf  tJua  latter  stress  is  lai^  compared  with  the  bending  stress 
close  to  the  crank-pin,  and  so  it  is  not  sufficient  to  proTide  there  only  for 
bending  streasee.  The  section  at  this  point  should  be  such  tliat,  in  addition 
to  what  is  given  by  the  calculatioa  from  the  bending  moment,  there  is  an 
extra  square  inch  (or  every  8000  lbs.  of  thrust,  on  the  cunnectiog-rod.  More- 
over, the  crank  arm  is  subject  to  twisting  from  the  action  of  the  pin ; 
strictly  speaking,  therefore,  it  should  be  calculated  from  the  formula 
Ti  =  M  +   JW~T^% 

The  length  of  the  boss  h,  into  which  the  shaft  is  fitted,  is  from  0*75  to 
I'O  of  the  diamet«r  of  the  shaft,  and  its  thickness  «  must  be  calculated  frono 
tJie  twisting  stress  K  x  L. 

The  crank  turns  the  shaft  (fig.  67)  by  exerting  a  force  S  on  the  key, 
whose  centre  of  effort  is  on  the  circumference,  and  therefore  at  a  distance 
of  half  the  diameter  from  ttie  axis  of  the  shaft,  so  that 

S  xH_  B  X  L;        orS  =  2R  x  ^. 

If  tiie  crank  is  loose,  the  area  of  the  section  of  the  key  parallel  to  the 
shaft  must  therefore  not  be  less  than  S  -i-  10,000  lbs.  And  the  strain  on 
the  section  of  the  crank-boss  opposite  the  key  is 


«-s-k-b('d--0- 


The  stress  on  the  section  of  the  boss  crosaways  is  T,  so  tJiat 

T^-|-?-R  X  L;        orT-  2B^— ^. 

The  stress  on  this  section  should  not  exceed  8000  lbs.  if  of  iron,  and  9500  if 
of  steel. 

To  avoid  a  complicated  expression,  it  is  convenient  to  assume  a  relation 
between  h  and  «,  and  to  substitute  the  value  of  e  thus  found  in  the  above 

expression.     The  value  of  -  in  practice  varies  from  2,  when  there  is  not 

much  space  for  the  crank,  to  3,  when  there  is  ample  room. 

Example. — To  find   tiie   section   of  the  boss  of  a  wrought-iron  crank 
8  inches  long;  the  pressure  on  the  crank-pin  is  ((4,000  lbs.,  tiie  diameter  of 

the  shaft  10  inches,  and  —  asaumed  at  2-2.     Stroke  of  piston  60  inches. 


T  -  2  X  64,000  ^^  ^^^j  .  237,015  lb.. 
Area  -  237,015  -j-  8000  =  29-63  square  inches. 
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The  cr&nka  of  marine  engines  ue  always  of  steel  or  wtx>uglit  itx>n,  and 
generally  uf  the  same  materials  of  which  the  shaft  is  made,  so  that  the  length 
and  Uiicknees  of  boaa  may  bear  -a  constant  relation  to  the  diameter  of  the 

When  A  =  D,  then  e  =  0-36  D,  if  steel,  030  D. 
„  A  =  0-9  D,  „  e  -  0-38  D,  „  032  D. 
„  A  =  0-8  D,  „  e  =  040  D,  „  033  D. 
„     A  =  0-7  D,     „     e~  0-41  D,       „        0-34  D. 

The  crank-eye  or  boas  into  which  the  pio  is  fitted  should  bear  tlie  same 
relation  to  the  pin  that  the  boss  does  to  the  shaft. 

Cranks  are  always  shrunk  on  to  both  shaft  and  pin,  and  when  ttiia  opera- 
tion ia  carefully  ana  well  done,  a  key  to  the  latter  is  almost  unnecessary,  and 
some  engineers  have  latterly  omitted  to  fit  one  to  even  very  large  pins ;  some 
engineers  simply  drill  a  hole  half  into  the  shaft  and  half  into  £e  crank,  and 
drive  into  it  a  steel  pin  so  as  to  answer  the  purpose  of  a  key. 

The  diameter  of  the  shaft  end  on  to  which  the  crank  is  fitted  should  be 
I'l  X  diameter  of  the  journal.  Overhung  cranks  are  never  fitted  now  to 
screw  engines,  as  tiiey  often  proved  to  be  very  unsatisfactory,  from  the  fact 
of  the  whole  of  the  pressure  ooming  on  one  bearing,  and  the  whole  of  the 
bending  and  twisting  stresses  being  taken  by  one  crank  and  journal. 

Faoale-Bbafts. — The  cranks  of  a  paddle-wheel  engine  (fig.  S7)  are  still 
often  overhuiu;,  and  in  the  case  of  double  engines,  the  arm  to  which  the  pin 
is  secured  ia  t£e  one  fitted  to  the  intermediate  shaft ;  the  pin  fits  loosely  into 
an  eye  on  a  crank  or  disc  secured  to  the  paddle-shaft,  and  so  drives  this  latter 
shaft  The  effect  of  this  arrangement  is  to  give  a  very  equable  strain  to  the 
paddle-shaft,  for  the  pressure  of  the  pin  is  always  at  right  angles  to  the  crank 
on  the  paddl&«haft ;  and  in  smooth  water  the  power  of  each  engine  ia  very 
nearly  equally  divided  between  the  two  wheels,  and  the  bending  action  on  the 
paddle^haib  never  exceeds  half  that  due  to  its  own  cylinder,  for  when  near 
the  dead  points  the  bending  moment  is  at  its  maximum,  and  ia  wholly  taken 
on  the  crank-arm  to  which  the  pin  ia  secured.  For  these  reasons  the  ahaft  to 
which  the  arm  having  tlie  crank-pin  secured  ia  fitted  must  be  stronger  than  the 
outer  shafts,  especially  when  the  ship  ia  intended  to  work  in  rough  water, 
as  it  is  liabh  then  to  nave  to  transmit  the  whole  twisting  force  of  one  engine, 
and  always  takes,  during  certain  periods  of  the  revolution,  the  whole  bending 
force  from  that  engine.  Hence,  U  T  he  the  maximum  twisting  moment  from 
one  pistou  of  a  double  paddle-wheel  engine,  and  M  the  maximum  bending 
moment  from  that  piston,  the 
Maximum  equivalent  twisting  moment  on  the  intermediate  shaft 

-  M  +  VM«  +  T^ 
And  maximum  equivalent  twisting  moment  on  the  paddle-shaft 


Exception  may  be  taken  to  the  latter,  since  at  times  when  one  wheel  is  out 
of  water  the  whole  of  the  twisting  force  of  both  engines  ia  transmitted 
through  the  shaft  of  the  wheel  which  is  deeply  immersed ;  but  when  the 
maximum  combined  effect  of  twisting  is  on  uiis  one  shaft,  the  bending 

moment  on  the  crank-jonmal  is  probably  less  than  -^ ,  and  is  that  due  to  the 
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force  found  by  dividing  the  m&ximuin  twisting  moment  by  the  lengtti  of  Uie 

crank,  which  Ls  approximately >^       ;  the  distance  at  which  this  force  acts 

is  measured  from  the  face  of  the  crank-arm  to  tbe  edge  of  the  casting,  into 
which  the  journal  brasa  ia  fitted. 

Example. — To  find  the  diameter  of  intermediate  and  paddle^bafts  of 
a  double  paddle-wheel  engine,  having  cylinders  80  inches  diameter  and 
60  inches  stroke,  nsing  steam  of  45  lbs.  pressuze  absolute,  cutting  off  at 
06  the  stroke;  the  distance  between  the  bearing  beds  being  50  inches. 

Maximum  effective  pressure  in  the  cylinder  will  be  about  10  lbs.  per 
square  inch.    Hence 

Load  on  piston     -        -  =  6026  x  40,  or  201,040  lbs. 

Maximum  twisting  moment  •=  201,040  x  30  =  6,031,200  inch-lbs. 

Maximum  bending  moment  — — j '—  =  2,613,000  inch-lbs. 

(1)  Maximum  equivalent  twisting  moment  on  intermediate  shaft 

=  2,513,000  +  ^2,513,000*  +  6,031,200^  =  9,056,000  inch-lbs. 
Diameter  of  shaft 


8000 
(2)  Maximum  equivalent  twisting  moment  on  poddlc-shoft 


2,513.000 


=   ^(Ml|i21!2y  +  6,031,200*  -  7,417,600  inch-lbs. 


Diameter  of  shaft 


'/- 


8UU0 


h  6-1  ' 


The  outer  part  of  a  paddle-wheel  shaft  is  subject  to  twisting  and  bending 
from  the  reaction  of  uie  water  on  the  floats,  and  from  bending  due  to  the 
weight  of  t^e  wheel  itself.  The  pressure  on  the  float  can  be  found  by  divid- 
ing the  twisting  moment  by  the  distance  to  the  centre  of  the  pressure  of  the 
float  from  the  ^aft  axis  in  inches.  It  is  practically  sufficiently  aconrate  to 
measure  to  the  centre  of  fixed  floats,  and  to  gudgeons  of  feathering  floats. 

For  example,  the  reaction  of  the  water  on  the  floats  of  the  engine  in  the 
preceding  example,  whose  radius  to  float  centres  is  140  inches,  will  be  found 
6,031,200  , 
140 

The  twisting  moment  on  the  shaft  ifi  the  same  at  the  outer  bearing  as  at 
the  inner,  and  ia  6,031,200  inch-lba.  The  weight  of  the  wheel  is  20  tons,  or 
44,800  lbs.,  and  the  distance  of  its  centre  from  the  bearing  is  40  inches. 

*  Maximum  bending  moment 

=  (44,800  +  43,080)  x  40  inches  -  3,519,200  inch-lbs. 
*  In  smooth  water  the  bendlDg  force  u  really  the  retuUtuU  of  the  wmght  and  reaotioo 

on  the  floats, and  may  be  taken  =  ^weight"  +  reaction'. 


Pressure  on  floats  -=    '  ,  '"    ,  or  43,080  lbs. 


CRANE-SHAFT   OF   SCREW   SNOINE3. 

Maximum  equiralent  twisting  moment 

-  3,516,200  +  ^/3,616,200*  +  6,031,200*  =  10,515,200. 
Diameter  of  shaft 


•y^ 


-8000^  '  "  '  -  "■»'  "'*•"■ 


The  oater  end  of  &  paddle  shaft  U  aabject  to  alterDating  stresaea  due  to 
the  weight  of  wheel,  aod  the  inner  part  to  intermittent  ones  (v.  Table  xlvi.}. 

The  crank-sbafta  of  paddle  engines  are  now  made  in  the  same  way  as  those 
screw  engines.  Sometimes  they  are  made  in  one  piece  from  a  "  aohd  "  forg- 
ing, and  sometimes  in  one  piece  "  built  up."  Those  in  very  large  engines 
have  a  separate  shaft  for  each  cylinder,  coupled  as  in  screw  engines  (vide 
fig.  8). 

Crank-shaft  of  Screw  Enf^es. — In  case  of  the  forward  crank  of  a  double 
or  treble  engine,  and  the  crank  of  a  single  engine  having  two  arms,  there  is 
the  action  of  one  engine  only  on  it.  On  the  forward  journal  and  crank-arm 
there  is  a  twisting  action  sufficient  to  overoome  the  friction,  and  to  drive  the 
eccentrics  if  fixed  in  this  part,  and  half  of  the  whole  bending  moment  due  to 
the  thrust  on  the  crank-pin.  On  the  a/itoard  journal,  the  other  half  of  the 
bending  moment,  and  the  whole  of  the  twisting  moment,  except  the  smalt 
portion  required  as  above ;  this  portion  is  at  certain  periods  of  the  revolu- 
tions so  small,  that  in  calculations  for  the  journals  it  may  be  neglected. 

Then  equivalent  twisting  moment  on  aftward  journal 


Sbadn  on  forward  journal  ■■  -= . 

In  multiple-crank  engines  the  aftward  crank  has  not  only  to  resist  the 
action  of  its  own  P>s^'^  ^^^  "^  ^  transmit  the  twisting  strains  of  the 
forward  engines.  There  will  be  strains  from  its  own  piston,  which  may  be 
calciilat«d  in  the  same  way  as  those  on  the  forward  cranks,  and  to  these  must 
be  added  the  twisting  strain  of  the  forward  engine. 

Let  Tj  be  the  maximum  twisting  moment  on  the  after  engine  firom  its  own 
piston,  and  M,  the  corresponding  bending  moment,  T^  the  twisting  moment  on 
the  forward  engines  at  the  same  period. 

Then  on  the  fonoard  journal  of  the  after  crank,  the  twisting  moment  is  T^ 

and  tiie  bending  strain  -g-,  eo  that — 

Equivalent  twisting  moment  on  forward  journal  of  after  crank 

On  the  o/ler  journal  <rf  the  aftward  crank,  the  twisting  moment  is 
Tj  4-  T,,  and  the  bending  moment  =>,  so  that — 
Equivalent  twisting  moment  on  after  journal  of  aftward  orsnk 
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The  bending  momont  on  the  after-aroi  of  the  oftward  crook  will  be  found 
by  calcalatmg  Uie  maximum  fvret  on  the  crank-pin  lending  to  tuyiet  the  ihaft. 

Let  T.  be  the  maximum  combined  twiating  moment,  aa  found  by  the 
metiiods  indicated  before,  L  the  length  of  the  crank  or  half-stroke  of  piston. 
Then  tiie  manmiim  twisting  force  at  the  crank-pin  is  T.  -i-  L. 

The  maximum  beading  moment  at  any  sectioD  of  the  after  crank-arm  of 
the  aftward  cnuik,  whose  distance  from  tlie  centre  of  the  orank-pin  ia  x 
inches,  is~?  x  x. 

The  maximum  bending  moment  on  a  section  of  the  forward  arm  of  the 
same  crank  is-— >  x  x. 

Examp[e. — To  find  the  sizes  of  the  parte  of  a  crank-shaft  of  a  double 
expansive  engine  of  1000  I.H.P.,  the  length  of  stroke  is  40  inches,  the  cut- 
off 0-6,  and  the  stroke  and  the  cranks  at  right  angles.  Bevoluttons  60  per 
minute.    Mean  twisting  moment  of  one  engine  —  _ -   x  63,000.     Since  the 

cutoff  ia  06,  the  ratio  of   maximum  to  mean  twisting  moment  is    1*835 

(Table  xvi.) ;  therefore 

Maximum  twisting  moment  of  one  engine 

=  1-836  X  ^  X  63,000  -  963,375  inch-lbs. 
60 

Mean  twisting  moment  of  both  engines 
»  l^  X  63,000. 


Ratio    of    maximum    to    mean    twisting    momenta   is    1-27    (Table   xvi.); 

therefore 

Maximum  twisting  moment  of  both  engines 

=  1-27  ^  122?  X  63,000  -  1,333,500  inch-lbs 
60 

Maximum  turning  force  on  forward  pin 

=  26MZi=  48,168  lbs. 
20 
Maximum  turning  force  on  aitward  pin 

-^!33M0O.fie,6751bs. 
20 

Assuming  the  distance  between  the  bearings  on  which  the  brasses  are 
bedded  to  be  30  inches. 

The  maximum  bending  moment  on  each  of  the  two  forward  journals 

.i?!l51ii?.  180,630  inch-lbe. 

That  on  the  two  journals  of  aftward  crank 
66,675 


=  250,000  inch-lba. 
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Then  diameter  of  foremost  journal 

2  -  6-13  inches. 


V- 


160,630 
8000     " 
eqairaleafc  twistJng  momeat  on  after  journal  of  fonrard 


=.  180,630  +  ^180,630*  +  963,375*  =  1,160,630  inch-lbfl. 
Diameter  of  journal 


y 


1,160,630 
8000      ' 


K-1  -  9-04  inches. 


=  250,000  +  ^250,000*  +  963,375*  -  1,245,000  inch-lbs. 
Diameter  of  journal 

26  inches. 


-'J'- 


1,245,000 
8000       ' 


Maximum  equivalent  twisting  moment  on  aftennoat  jonroal 

■  1,606,700  inch-lba. 


G-1  =  101  intdies. 


The  aftermost  crank-arm  will  be  11  inches  across  the  face;  to  find  its 
thickness  18  inches  from  the  pin. 

Bending  moment  at  that  section  "  66,675  x  18  =>  1,000,000  inch-lba. 

^.  ,  6  X  1,200,150      ,  , ,  .     , 

Thickness  =  -^-r^ — ai,/^     =  '"44  inches. 
1 1'  X  ouvu 

In  actual  practice  the  crank-shaft  would  not  be  made  with  the  four 
journals  all  of  different  diameter,  bnt  some  engineers  make  the  shafts  partly 
in  accordance  with  theory,  by  arranging  the  two  forward  journals  of  the  same 
diameter,  and  the  two  aftward  journals  of  the  same  diameter ;  that  is,  for 
the  example  given  above,  the  journals  of  the  forward  crank  would  be  each 
904  inches  diameter,  and  those  of  the  aftward  one  lO'l  inches  diameter. 

Example. — To  find  the  dimensions  of  the  crank-shaft  of  a  single  engine, 
whose  cylinder  is  30  inches  diameter  and  stroke  50  inches,  the  steam  used  is 
C5  lbs.  per  square  inch  absolute  pressure,  and  the  cut-off  at  0-3  the  atroke. 
The  distance  between  foundation  facing  for  shaft  brasses  is  40  inches.  The 
connecting-rod  is  100  inches  long.  Back  pressure  and  loss  at  piston  are 
51ba. 

The  maximum  pressure  on  the  piston  is  60  x  706  =  42,360  lbs. 

The  maximum  twisting  moment  occurs  just  at  the  cut-off  in  this  case,  and 
is  42,360  X  24,  or  1,016,640  inch-lba. 

The  bending  moment  on  each  journal  at  that  period  — '■ — tt or 

311,800  inoh-lbfi. 
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The  bending  moment  on  the  after  arm,  at  a  distance  of  H  inchea  from  the 
centre  of  crajik-pin,  is  42,360  x  22,  or  931,920  inch-lbs. 

Diameter  of  fore  journal 

Maximum  equivalent  twiating  moment  on  aft«r  journal 


=  211,800  +  V^l^aOO'  +  1,016,640«  -  1,250,200  inch-lba. 
Diameter  of  after  journal 


ys 


X  5-1  >9-27  inches. 

If  the  crank-arm  ia  10  inches  wide  at  the  face,  then  thicknesa  of  crank- 
^„„.     ,       ,           .         6  X  931.920      ,  .     , 
arm  at  32  inches  from  pin  —  -jtjj aOOO  "      '•'™^* 

The  bending  moment  at  the  centre  of  the  pin  of  a  solid  or  rigidly  built 
up  crank-ehaft  is  - — -: — , 

Nott. — A  solid  abaft,  or  ono  wtioea  continuitj  of  strongth  ii  nnbroken  from  end  to 
end,  is  treated,  so  far  as  bending  streHsoa  are  connemed,  oa  a  girder  or  beam  aecured  eX 
ltd  points  of  support ;  or  as  a  continuous  girder  aupportod  at  seTaral  points  when  there 
are  more  than  two  joumalB.  Bunco,  the  bending  moment  in  the  mtddit  between  two 
Jounudi  is  — - —  ;  aiid  at  the  point*  qftuppori  also  — g — ,  nnce  ohtuige  of  flexure  take* 
pUoe  at  adistanoe  —  from  the  Bupporta.  Marine  ot«nk<sbafta  whose  arma  are  at  least 
0*7  of  the  diameter  thick,  and  whose  bearings  ihoroughiy  lupport  the  shaft  olose  to  the 
Orank-arms,  are  really  subject  to  little  or  nu  bending  action  at  the  jouraaii.; 

At  and  near  the  end  of  the  stroke  the  crank -arms  are  subject  to  &  bending 
strain  applied  very  suddenly  when  the  stoam  enters  the  cylinder,  on  opening 
to  lead  after  only  slight  eumprettion.  The  force  should  be  taken  at  twice 
the  load  on  the  piston  (2  F),  and  if  L,  is  the  length  of  tiie  pin  -t-  the  thick- 
ness of  the  crank>arm  as  claso  to  the  shaft,  then 


Crank-shafts  are  subject  to  intermittent  loads,  and  therefore  to  inter- 
mittent streaaea  {v.  Table  xlvi.). 

And  the  bending  moment  on  the  section  of  each  arm  caused  by  this 
force  is 

on  the  crank.    Hence, 


■'%^-mh 
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In  tiie  previooa  example  L,  may  be  supposed  to  be  33  inchea,  and  P  U 
42,360  lbs.,  a  ifi  7  lb&  J  then 

->  3'6  inches. 


2  X  7*  X  8000 

So  th&t  the  forward  crank-arm  must  not  be  less  than  this  Utickness  at  any 
port. 

Crank-shafts  for  screw  engines,  when  above  10  inches  diameter,  are 
generally  made  in  duplicate  pieces,  so  that  in  case  of  damage  to  one  only  a 
part  of  the  shaft  is  condemned,  and  a  spore  piece  can  be  easily  carried  on 
foreign  voyages.  And  also  by  this  plan  there  is  less  labour  in  replacing  the 
damaged  part,  than  if  the  whole  shaft  is  moved. 

Boilt  Crank-BhaAs. — Shafts  above  10  inches  diameter  are  bettor  built  up 
than  in  one  forging,  and  they  can  then  be  made  of  steel  at  an  expense  very 
little  beyond  Uiat  of  iron ;  indeed,  many  engineers  now  make  crank-ahafts  ot 
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Fig.  68.— Built  up  Crank-iliaft 
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Fig.  .69. —Naval  Craok-shafL 

all  sises  on  this  principle.  The  crank-arms  are  of  the  same  thickness  at  the 
pin  as  at  the  shaft,  and  equal  to  0'7  to  0'8  of  the  diameter  of  shaft  journals ; 
tiie  end  view,  as  in  fig.  5t^  shows  the  usual  shape  for  large  cranks — smaller 
ones  are  often  straight  on  the  sides.  Great  core  is  required  properly  to 
construct  such  a  shaft  so  as  to  be  perfectly  true  when  finished,  and  to  have 
tiie  arms  shrunk  on  sufficiently  tight  without  leaving  the  metal  around  the 
pins,  and  shafteada  in  such  a  state  of  tension  as  to  be  dangerous. 

The  thickness  of  the  metal  around  the  shaft,  &o.,  can  be  calonlated,  as 
before  stated  for  the  overhung  crank. 

The  crank-arms  are  sometimes  forged  with  the  Bhaft«nds,  and  tiie  pina 
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shmok  into  eyes  in  Uie  arm§.  This  method  hfts  ftdvantageB,  but  it  ia 
very  unsightly,  and  missee  one  of  the  chief  merits  of  a  hnilt  crank-shaft. 
Another  (urangement  is  to  make  the  crank-pin  and  arms  in  one  peoe, 
generally  a  steel  casting,  and  shrank  it  on  tJie  shaft-ends  or  shaztka;  and 
sometimes  it  is  secured  to  the  latter  by  fianges,  botte,  Sto. 

There  are  a  number  of  other  patented  forms  of  crank-shafts,  aome  having 
the  crank-anns  of  cast  steel,  and  some  of  forged  st«el  and  iron,  so  amuiged 
as  to  couple  the  shafta  at  the  cranks  instead  ra  between  them. 

Fig.  69  shows  a  piece  of  crank-shaft  as  generally  made  for  fast-running 
engines,  and  the  dotted  lines  indicate  the  modifications  made  when  further 
weight  ia  to  be  saved,  as  in  naval  and  other  bst-nmning  engines. 

ConpUngi. — It  is  usual  now  to  have  the  oonpling  forged  with  tita  shaft 
•nstead  of  keyed  on  as  formerly.  The  tube  ^afts  of  twin-«crew  engines, 
however,  generally  have  one  coupling  keyed  on.  As  a  rule,  the  ooij  strain 
to  which  a  coupling  ia  subject  is  twisting ;  hence,  if  f  be  the  tfiinbnniw  of  the 
coupling,  and  r  the  distance  of  any  part  of  the  oouiJing  from  the  oentre  of 
the  ah^  which  is  subject  to  a  twiating  moment  T :  the  section  of  metal 
resisting  the  force  is  2rrt;  and  if/  be  the  strain  per  square  inch  on  thia 
section,  acting  at  the  distance  r,  then 

T 
T  =  2»r</x  r  —  2«r*./.  t,  that  ia,  thickness  of  coupling  =»  -; j-- 

If  r  is  ilie  radius  of  the  shaft  subject  to  twisting  only,  so  that  —^/i& 
«qual  to  T.    Then 

Thickness  of  coupling  =  — ^  -^  2  v  r^f,  or  — . 

From  practical  considerations  the  thickness  of  the  coupling  should  not  be 
less  than  tiie  diameter  of  the  bolts,  and  since  the  atrengtli  of  a  coupling  is 
somewhat  impaired  by  the  holes  drilled  through  it  for  the  bolts,  it  should 
not  be  less  than  0-3  t^e  diameter  of  the  shaft  subject  to  twisting  only. 

Coapling  Bolts. — When  shafts  are  close  ooupled,  and  the  bolts  are  a  good 
fit  in  the  holes,  titey  are  subject  to  a  shearing  force  onXjt  caused  by  the 
twisting  strain  on  the  shaft ;  hence,  if  nf  be  the  oiameter  of  the  bolts,  whose 
number  ia  n,  K  is  the  distance  from  centre  of  bolts  to  centre  of  shaft,  T  the 
twisting  moment,  and  D  the  diameter  of  the  shaft  subject  to  twisting  only. 
Then 

T-„^/xK;ord 
but  T  = 


Hence,  Diameter  of  bolt«  = 

If  K  ia  always  taken  at  08  x  D.     Then 

Diameter  of  bolts  ■ 
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Then  when  there  are  &  bolts, 

Dimeter  olholto- 5  ^^-L^.?. 

If  3  bolta,  di&msUr  of  bolta  •>  diuneter  of  ahatt  ■<-  3'10. 
»   4  „  .,  =  .,  SM. 

»  6       „  „         =  ,.  4-oa 

„  •  ,.  ,.  =  „  438. 

„   7  „  „  -  „  4-73. 

„  8  „  ..  =  „  6-oa. 

„  «  „  „  =  .,  «-S7. 

..10  „  „  =  „  5-67. 

The  number  <d  bolts  in  &  coupling  depends  Bometimea  on  drcumatsjices, 
but  usually  there  should  be  two,  and  an  allowance  of  one  more  for  each  2 
inches  of  diameter  of  shaft,  and  the  above  proportions  ore  based  on  this 
sJlowance ;  but  when  it  is  necessary  to  have  Uie  couplings  as  small  as  possible 
the  number  may  be  increased,  and  with  the  consequent  decrease  in  diameter, 
the  centres  of  bolts  may  be  nearer  to  the  centre  of  shaft. 

The  couplings  of  a  two^rank  engine,  whose  shaft  is  in  duplicate  halves 
at  right  angles,  should  have  four  or  a  multipie  of  four  bolts;  and  for  those 
of  a  three-crauk  engine,  whose  shaft  is  in  three  duplicate  pieces,  the  number 
of  bolts  must  be  a  multiple  of  three. 

Wben  the  shafts  are  of  mild  steel,  the  bolts  should  be  of  a  border  kind ; 
indeed,  as  they  are  subject  to  shearing  stresses  only,  they  may  be  mode  of  a 
steel  40  to  45  inches  tensile  strength. 

Sorfoce  of  Crank-pins  and  Stuift-joaniftU. — Measuring,  as  in  the  case  of 
gudgeons  and  crossheads,  the  effective  bearing  surface  as  the  diameter  multi- 
plied by  the  length  of  the  bearing,  then  the  bearing  surface  of  cranks  was 
such  tmt  the  pressure  per  square  inch  did  not  exceed  500  lbs.;  the  crank- 
pins  of  hi^-speed  engines  should,  however,  be  such  that  the  pressure  per 

square  inch  does  not  exceed  lbs. ;  l^t  is,  if  (f  is  the  diameter  of 

the  crank-pin,  and  I  its  length,  L  the  maximum  recurrent  load  on  piston, 
K  tiie  revolutions  per  minute,  then 

VR  -h  100  6500        ■ 

When  the  brass  is  recessed,  so  that  it  bears  only  in  parts  on  the  shaft,  the 
actual  bearing  surface  should  not  be  exposed  to  more  than  600  lbs.  pressure 
per  square  inch. 

The  pins  of  paddle-wheel  engines,  owing  to  the  comparatively  stow  speed 
of  shaft,  may  be  designed  to  take  a  pressure  of  800  to  900  lbs.  per  square  inch. 

The  main  bearings  in  which  the  crank-shaft  runs  should  be  such  that  the 
pressure  never  exceeds  600  lbs.  per  square  inch,  and  for  screw  engines  the 
pressure  should  not  exceed  400  lbs. ;  when  the  brasses  are  recessed  or  fitted 
with  white  metal  strips,  the  actual  bearing  or  rubbing  surface  should  be  such 
that  the  pressure  does  not  exceed  600  lbs.  per  square  inch.  The  main  bear- 
ings of  screw  engines,  when  room  admits,  should  be  such  that  the  nominal 

4300 
pressure  does  not  exceed  -r^ — -t-Gy  measuring  the  whole  of  the  bearing,  or 

30  per  cent,  more,  measuring  only  the  parts  on  which  the  shaft  bears.  I^ 
then,  d  be  the  diameter  of  the  journals  and  I  the  length  of  each — 
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The  length  of  tiie  cnmk-pin  U  from  1  to  1-5  of  ttie  diameter,  and  that  of 
each  jonmal  from  1  to  1'5  tibe  diameter  of  tiie  joonud.  Vertical  engines 
bare  usually  sufficient  space  for  a  crank-pin  1-25  the  diameter,  and  each 
journal  1  5  ibo  diameter.  The  foremost  journal  of  a  compoutid  engine  is 
often  made  much  shorter  than  the  others,  to  allow  the  ecoentric  shoavea  to 
be  nearer  the  centre,  so  as  to  come  in  line  with  Uie  valve-rod. 

Owing  to  the  comparatively  small  pressure  on  the  crank-pins  and  journals 
of  tliree-crank  oompound,  and  triple-  and  quadruple-compound  enginea,  the 
intermediate  journals  may  be  generally  somewhat  shorter;  but  the  first  and 
last  journals  should  not  he  materially  leas  than  in  a  two^irank  engine. 

Driven. — In  order  to  avoid  any  ot  the  thrust  of  tie  propeller  coming  on 
the  crank-shaft  and  its  bearings,  the  oonpling-bolts  connecting  it  to  Uie 
thmst-shaft  are  sometimes  made  without  heads,  so  that  they  are  nree  to  move 
in  and  out  of  the  holes  in  the  coupling  flange  of  one  of  these  shafts  while  held 
firmly  in  that  of  tiie  other.  When  this  is  so  they  should  be  of  larger 
diameter  than  the  ordinary  ooapHng  bolts,  and  the  part  projecting  from  the 
face  of  the  flange  into  which  they  are  secvired  should  be  lai^er  stUl,  so  as  to 
form  a  shoulder,  against  which  they  may  be  tightened  up,  and  to  give  the 
necessary  strength  to  resist  bending.  'Hie  faces  of  the  flanges  when  thus 
loosely  coupled  should  be  from  ^  to  }  incJi  apart.  It  was  found  necessary, 
generally,  to  provide  means  for  Inoricating  these  drivers,  especial^  in  heavily 
armoured  and  high-powered  warships  with  single  screws.  Drivers  are 
still  neoBssary  in  all  ships  which  are  liable  to  change  shape  from  varied 
loading,  as  in  cargo  steamers  in  heavy  seas,  and  in  long  steamers  of 
light  build.  As  a  rule,  however,  it  la  better  to  connect  the  crank  and  thrust- 
shafts  in  the  ordinary  way  with  bolts,  Ac,  and  to  leave  such  clearance  in 
the  bearings  and  brasses  that  the  crank-.shaft  may  have  some  longitudinal 

"  P^'" 

Taper  Bolts  are  often  used  in  lieu  of  the  ordinary  parallel  ones,  especially 

for  the  shaft  next  the  propeller-shaft,  to  facilitate  tiuar  withdrawal.     Taper 

bolts  can  be  used  with  advantage  when  the  flange  is  by  necessity  small,  for 

the  screwed  end  is  much  smaller  than  the  part  at  the  junction  of  the  two 

shafts  subject  to  shearing.     These  bolts  also  are  necessarily  a  tighter  fit  in 

the  hole,  since  the  tightening  of  the  nuts  draws  them  farther  into  it. 

CroBS-keys  are  sometimes  fitted  to  couplings.  Half  the  key  is  bedded 
into  a  recess  in  the  face  of  each  flange,  and  so  it  takes  the  shearing  stress 
from  tiie  bolts. 

Since  with  a  number  of  bolts  or  drivers  it  is  possible,  from  wear  or  bad 
workmanship,  that  the  strain  is  taken  hy  only  a  part  of  them,  it  is  usual  to 
provide  an  excess  of  strength.  This  provision  can  be  conveniently  effected 
by  proportioning  them  to  the  diameter  of  the  eranJc-tha^  as  if  it  were  subject 
to  twisting  only. 

Propeuer  Shafts,  aometimes  called  "  screw  "  shafts,  and  sometimes  "  tail 
end  "  shafts.  The  propeller  shaft  is  subject  to  the  twisting  stress  of  the 
engine,  and  to  a  bending  stress  due  to  the  weight  of  the  propdler.  In  rough 
weather,  when  the  ship  is  pitching,  the  stmins  are  increased  and  become 
very  severe ;  for  when  the  screw  is  partially  immersed,  in  addition  to  the 
twisting  moment  by  the  reaction  of  the  water  acting  on  one  side  only,  there 
b  a  bending  stress  as  on  a  paddle-shaft ;  besides  which  the  momentum  of 
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the  screw  when  pitching  also  adds  severe  bending  stresses,  all  of  whieh  are 
moreover  alternating. 

Id  still  water  the  bending  moment  on  the  shaft  is  the  weight  of  the  screw 
multiptied  hy  the  distance  of  its  oentre  from  the  stem  bush.  To  provide 
for  the  strains  in  ron^  weather,  the  bending  moment  should  be  taken  at 
twice  tJiis  value ;  for  ships  which  may  cross  the  AtUntio  at  any  time  in 
ballast  trim,  even  this  is  insufficient  to  produce  a  shaft  sufficiently  large  to 
last  a  satisfactory  length  of  time.  Moreover,  the  material  of  a  shaft  working 
under  aach  conditions  is  subject  to  alternating  stresses  of  considerable 
intensity,  which  tend  to  degrade  it  and  render  it  un£t  to  resist  such  strains 
as  come  on  tiie  shaft.  The  diameter  of  the  screw  is  also  an  important  factor 
in  determining  the  size  of  screw  shafts  of  ships  subject  to  rough  weatiier. 

Hence,  if  T  is  the  maximum  twisting  moment  on  the  crank-shaft,  W  the 
weight  of  the  propeller  in  pounds,  and  L  the  distance  of  its  centre  from  the 
stem  bush, 

Maximum  bending  moment  —  2  W  x  L ; 
and 

MuTimnTn  equivalent  twisting  moment  T^ 

=  2  W  X  L  +  V(2W  xL)*Tl«; 
and  as  before, 

I>iameter  of  screw-sbaft  =    }'  — i  x  5-1. 

Example. — To  find  the  diameter  of  the  screw-shaft  for  an  engine  whose 
maximum  twisting  moment  is  1,333,500  inch-lbs.     The  weight  of  the  screw 
is  6000  lbs.,  and  the  distance  of  its  centre  from  stem  bush  is  20  inches. 
The  max.  bending  moment 

=  2  X  6000  X  20  -  240,000  inch-lbs. 
The  max.  equivalent  twisting  moment 

=  240,000  +  ^240,000*  +  1,333,500'  -  1,594,000  inch-lbs. 
Ihameter  of  shaft 


-y- 


1,594,000 


61  -  11-2  inches. 


6000 

It  is  such  a  very  serious  matter  when  the  screw-shaft  breaks,  that  it 
should  always  be  of  ample  size,  and  for  ships  in  the  Atlantic  trade  it  should 
be  specially  strong.  It  was  usual  to  make  it  the  same  diameter  as  the  crank- 
shaft, but  m  some  ships  even  this  is  not  sufficient,  and  it  is  now  not  at  all 
an  onusual  thing  to  make  them  20  per  cent,  stronger  tbaia  the  crank-shaft. 

When  the  screw  is  fitted  in  a  "  banjo  "  frame  for  lifting  above  water  when 
the  ship  is  under  sail,  the  shaft  is,  of  course,  nearly  wholly  free  from  bending 
stresses. 

Oater  Bearing. — It  was  customair  to  provide  an  outer  bearing  on  or  in 
the  rudder-post,  for  the  extreme  end  of  the  screw-shaft  to  rest  upon ;  but 
since  the  rudder-post  gives  no  support  sideways,  and  a  very  precarious  one 
in  any  direction,  the  practice  is  now  obsolete.  Also,  it  has  been  found 
that  when  ships  so  fitt«d  have  touched  the  gronnd  with  the  heel,  the 
screw-shaft  was  bent,  and  sometimes  dangerously  sa  The  strongest  aign- 
ment  in  favour  of  this  outer  bearing  is,  that  it  prevents  the  loss  of  the  screw 
when  the  shaft  is  broken ;  but  if  the  shaft  is  broken,  and  tiie  ship  baa  to 
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depend  od  the  sails,  it  ia  better  to  be  without  the  screw ;  and  if  the  shaft  is 
broken  diagoooUy,  and  the  screw  is  cansed  to  rerolve  from  the  motion  of  the 
ship,  there  is  great  risk  of  splitttiu;  the  stem  tube.  If  there  ifi  no  outer 
bearing,  and  the  fracture  is  well  within  (he  tube,  the  screw  will  not  be  lost, 
but  wUl  go  back  until  the  Bhaft-«nd  butts  against  the  rudder-post^  and  revtJves 
then  without  danger.  If  the  shaft  bre^s  close  to  the  propeller,  and  there  is 
an  outer  bearing,  the  danger  of  damage  to  the  rudder-post  is  very  great 
indeed,  from  the  wrenching  of  the  bearing  on  the  propeller  falling  out 

Screw-shaft  End. — ^The  shaft  end  fitted  into  the  screw-boss  should  be 
turned  to  a  taper  of  {  inch  to  the  foot ;  if  the  taper  is  less  than  this,  as  is 
Bometimea  the  case,  extreme  difficulty  is  experienced  in  getting  the  screw  off. 
The  screw  should  be  secured  by  a  key  extending  the  whole  lengtii  of  the 
boss,  and  driven  into  place  after  uie  screw  ia  thoroughly  well  driven  on.  He 
Qcrew  b  retained  in  place  by  a  nut,  the  screw-thread  of  which  is  the  reverse  of 
that  of  the  screw  itself.  A  tail  key  through  the  shaft  end  was  preferred  by 
some  engineers  as  a  means  of  retaining  the  screw  in  place ;  but  although  it  is 
a  very  safe  plan,  it  is  not  so  convenient  as  the  nut  When  a  nut  is 
employed  a  safety  key  or  pin  ia  fitted  in  rear  of  it,  or  else  a  set^crew  or 
other  simple  means  of  locking  it  is  used.  These  nuts  are  now  often  of  cast 
steel  or  bronze,  and  made  so  as  to  cover  the  end  of  the  shaft  When  the 
propeller  is  of  bronze  a  "cap"  out  of  the  same  material  is  necessary.  Such 
nute  are  secured  by  set-screws  in  the  end  "out  of  centre,"  or  aet«crews  in 
the  boss-fitting  in  recessee  in  the  side  of  the  nut. 

Bcrew-ahafta  are  encased  with  brass  f  ■  om  the  propeller  to  the  inner  end  of 
the  stern  tube  in  H.M.  Navy  ;  in  merchant  ships  this  was  only  occa.sionally 
the  case,  partly  on  account  of  the  expense,  and  partly  because  it  prevents 
examination  of  the  shaft  and  the  detection  of  flaws,  which  may  extend  un- 
observed until  rupture  takes  place.  Brass  casings,  on  the  bearing  parts,  are 
used  not  so  much  to  protect  the  shaft  from  corrosion,  as  on  account  of  its 
wearing  better  when  running  on  lignum  vitce,  and  admitting  of  wear  without 
weakening  the  shaft  thereby.     Lloyda  now  require  casings  the  full  length. 

When  working  in  sandy  water  lignum  vitse  wears  very  quickly  and  ninda 
away  the  brass  casing.  Ships  which  are  often  exposed  to  this  are  better 
without  the  brass  casing  and  the  lignum  vitie,  and  should  be  fitted  in  lieu 
with  Fenton's  white  metal  or  cast-iron  bush,  and  the  shaft  either  without 
casinff  or  cased  with  an  iron  liner,  which  may  be  renewed  when  worn. 

The  Stem  Bnsh  should  be  of  such  length  that  the  pressure  per  square  inch 
(meaaured  as  stated  for  bearings)  does  not  exceed  36  Ihs.,  and  generally  with- 
out inconvenieoce  it  may  be  arranged  that  the  pressure  is  only  25  to  30  lbs. 
The  pressure  is,  of  course,  in  this  case  that  due  to  the  weight  of  the  propeller, 
together  with  half  that  of  the  screw-shaft.  The  stem  bush  in  practice  is  of 
a  length  equal  to  two  to  four  times  the  diameter  of  bore.  The  stem-shafb 
should  be  supported  on  a  bearing  in  the  tunnel  when  possible ;  when  this  is 
either  not  poaaible  or  inconvenient,  it  may  real  on  a  hush  in  the  stern  tube 
just  beyond  the  stuffing-box. 

In  the  mercantile  marine  the  screw-shaft,  when  partly  cased  with  brass, 
has  bushet  fitted  with  lignum  vit»;  the  brass  casings  extend  from  the 
screw  boss  to  an  inch  or  two  beyond  Uie. inner  end  of  bush,  and  alao  where 
the  shaft  paaaes  through  the  stuffing-box,  and  inner  bush  when  there  is  one. 
Of  late  years  there  has  been  a  tendency  to  follow  the  Admiralty  method  of 
casing  in  the  whole  length  covered  by  the  stem  tube.  Certain  of  the  Register 
Societies  have  favoured  this  course,  in  spite  of  the  prevention  of  inspeotioa 


STERN   RUSRSa.  199 

thereby.  In  onler  to  m&ke  the  process  as  easy  wid  inexpensive  as  possible, 
the  stem  tube  is  made  very  abort,  so  that  the  brass  casing  is  very  little  longer 
tban  the  snni  of  the  lengths  of  the  two  liners  as  formerly  fitted. 

The  Thickness  of  Brass  Casing  at  bearing  parts  is  0-3  inch  +  0-035  x  dia- 
meter. In  order  to  easily  withdraw  the  shaft,  the  diameter  of  the  inner 
casing  should  be  1  inch  larger  than  tbe  oat«r. 

Stem  Tnbe.— Jn  the  Navy  the  stem  tube  is  always  of  brass,  axtd  in  iron, 
steel,  and  composite  ships  is  within  another  wrought-iron  or  steel  tube  secured 
to  the  framing  <^  the  ship.  The  lignum  vitie  strips  are  fitted  into  the  tube, 
either  in  separate  grooves  for  each  strip,  or  the  strips  fit  in  side  by  side  with 
a  brass  strip  at  the  top  secured  by  screws  to  the  tube  which  keys  them  so  as 
to  form  a  bush.  A  similar  but  shorter  set  of  strips  are  fitted  next  the 
stuffing-box.  The  brass  stem  tube  fits  into  the  stem-post  accurately  and 
tightly,  and  is  secured  to  the  bulkhead  by  a  flange,  Ac* 

In  the  mercantile  marine  &e  stem  tube  is  nearly  always  of  cast  iron, 
whose  Ihickness  k  05  inch  +  0-08  the  diameter.  The  stem  bush  of  brass 
fits  accurately  into  the  tube,  and  the  stuffing-box  neck  ring  and  gland 
are  lined  with  brass.  There  are  various  ways  of  fitting  the  stem  tube  in 
place. 

The  common  plan  adopted  by  most  engineers  is  to  turn  the  outer  end  so 
as  to  fit  accurately  and  tightly  into  the  hole  bored  in  the  stem-post,  and 
secure  it  by  a  nut  screwed  on  its  end.  The  inner  end  has  a  flange,  and 
next  it  a  projecting  rim,  which  is  turned  to  fit  in  the  hole  bored  in  the  bulk- 
head; tbe  fluige  ia  bolted  to  the  bulkhead  after  a  liner  is  fitted  between 
them. 

The  tube  is  sometimes  bolted  to  the  stem-post  by  two  lugs  cast  with  it, 
one  above  and  one  below  it. 

Another  plan  of  fixing  the  stem  tube  is  to  fit  its  outer  end  into  a  recess 
bored  in  tbe  stem-post,  and  secure  it  by  bolts  to  the  bulkhead  as  before 
described,  and  by  two  strong  draw-bolts  passing  through  the  flange  to  a 
partial  bulkhead  two  or  three  frame  spaces  nearer  the  stem.  In  this  case 
the  stem  bush  is  partly  in  the  tube  ana  partly  in  the  stem-post. 

Stem  Bashes. — When  made  of  white  metal  they  should  be  of  a  thick- 
ness =  0*5  inch  +  003  x  diameter.  Those  fltted  with  lignum  vitee  are  of 
brass,  and  formed  with  a  flange,  which  is  secured  to  the  stem  tube  by  screws, 
which  prevent  it  from  turning  or  coming  out.  Stem  bushes  are  often  made 
of  strong  cast-iron,  with  white  metal  stnps  driven  in,  or  with  it  run  in  as  in 
a  main  bearing.  Such  bushes  have  flanges  like  the  bronze  ones.  The  lignum 
vitte  is  sometimes  fitted  in  strips,  as  in  brass  stem  tubes,  and  sometimes  into 
square  holes,  the  bush  being  cast  as  a  skeleton  to  hold  the  wooden  blocks, 
lliis  latter  plan  is  very  convenient  for  small  ships,  but  not  a  good  one  for 
lai^  ones,  as  the  wood  by  the  continued  concussion  get*  impressed  on  the 
cast-iron  tube.  Lignum  vitee  wears  best  in  end  grain,  especially  when  it  is 
of  inferior  quality ;  when  cut  from  a  good  tree  of  large  size  it  wears  equally 
well  either  way. 

Lignum  vitra  and  white  metal  strips  should  be  from  |-incb  to  |-inch  thick, 
and  about  three  to  four  times  their  thicknesses  in  breadth ;  they  must  be 
bevelled  so  as  to  leave  free  watercourses  between  them.  The  brass  behind 
the  strips  should  be  0*04  x  diameter  in  thickness,  and  tbe  metal  ridges 
between  the  wooden  strips  of  the  same  thickness.    Sometimes  the  brass  bush 

*  It  ia  naiial,  howeror,  to  fit  a  separate  bosh  oontMOing  the  liguam  vitn  ctripa  in  all 
but  smaU  ships  for  oonvenienae  of  repair. 
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VI  dispensed  with,  and  the  strips  fitted  into  the  cast-iron  tube  u  in  the  brasa 
tube,  but  tliiB  is  not  sood  practice. 

A  pipe  ia  fitted  leading  from  the  top  of  the  stem  tube  to  the  bulkhead, 
through  which  the  water  may  run  from  we  tube  so  as  to  cause  a  fresh  supply 
to  enter  from  the  sea,  and  thereby  prevent  heating. 

From  time  to  time  attempts  have  been  made  to  exclude  sea  water  from 
Uie  stem  tube,  and  lubricate  the  abaft  bearings  with  oil  or  soapy  water. 
Ordinary  stu£Bng-box,  gland,  &c.,  have  been  fitted  to  the  tube  end,  and  the 
lubricant  fed  through  a  pipe  from  the  upper  deck,  so  as  to  give  a  "head" 
superior  to  that  of  the  sea  water,  and  so  prevent  any  leakage  inward.  No 
great  degree  of  snocess  has  followed  this  plan,  as  no  provision  is  made  for  the 
wear  of  the  bush.  Bat  if  the  bush  did  not  wear  the  violent  action  of  the 
screw  in  a  seaway  would  inevitably  cause  leakage.  This  difficulty  has  been 
got  over  by  Mr.  Cedervall,  who  preveota  water  from  entering  by  the  means 
^own  in  fig.  59a,  which  has  been  generally  aucceasfnl  in  practice. 

Thnut-shaft. — Alttiongh  Uie  crank-shaft  was  sometimes  made  with  a  collar 
or  coUan  on  it,  to  take  tiie  thrust,  it  is  not  good  practice,  especially  for  Urge 
engines.  The  crank-abaft  thonld  be  required  only  to  take  the  strains  from 
the  pistons,  and  be  free  to  move  around  in  its  bearuigs  without  end  pressure ; 
and  since  any  longitudinal  displacement  of  the  crank-shaft  tends  to  throw 
abnormal  strains  on  tixe  working  parte,  it  Is  better  to  remove  all  causes  of 
<nch  a  derangement.  To  this  end  uie  thrust  collars  should  be  on  one  of  the 
intermediate  shafts,  and  for  convenience  on  that  one  next  the  orank-shaftL 
If  possible  the  thrust  bearing  should  be  in  the  engine-room,  and  it  is  for  thia 
purpose  chiefly  that  the  colluv  were  sometimes  on  the  crank-shaft. 

Throat. — ^To  find  the  thrust  along  the  shaft  of  a  screw  engine,  it  is  neces* 
sary  to  know  the  speed  of  t^e  ship  and  the  effective  horse-power.  The 
effective  horse-power  is  the  power  actually  employed  in  propelling  the 
ship,  and  of  oonrse  ite  relaticm  to  the  indieatod  horse-power  depends  on  the 
combioed  efficiency  of  the  engines  and  propeller.  This  ratio  varies  from 
0-77  with  the  best  high-speed  engines  to  068  with  the  ordinary  merchant 
steamers'  machinery.  With  turbines  it  is  probably  0-8.  If  P  be  the 
pressure  in  pounds  exerted  by  the  propeller  against  the  thrust  bearing, 
and  S  the  speed  of  the  ship  in  feet  per  minute,  then 

Work  done  in  moving  the  ship  ••  P  x  S, 

and  therefore  Effective  H.P.  =  P  x  8  -^  33,000, 


"  33,000' 


33,000 


then  P  =  I.H.P.  x  "^^^  x/. 

Now,  if  K  be  the  speed  in  knots, 

Then 

p  .  I.H.P.  X  52W 

P  ia  called  tlia  tMon  normal  thrvtL  ^ 

iGooi^le 
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Example. — To  find  the  thrast  mi  the  sh&fting  of  oo  en^ne  whose  I.H.P. 
is  2000,  uid  the  speed  of  the  ship  12  kuota,  tlie  efficiency  0-66 

p.  2000  x???-;^.  36,1661b.. 

Now,  it  will  be  seen  that  P  v&ries  with  the  I.H.P.,  and  inversely  as  the 
speed,  so  tliat  the  thrust  of  it  particuliu-  screw  may  vary  very  ooDsidembly  ; 
for  if  from  some  cause  tlte  speed  is  decreased,  without  a  correaponding 
decrease  in  the  power,  Uie  thrust  must  of  necessity  increase.  This  actually 
occurs  in  practice,  and  must  be  provided  for  always.  The  times  when  the 
actual  thrust  exceeds  the  normal  thrust  are  when  the  engine  first  moves,  and 
its  power  is  employed  in  overcoming  the  inertia  of  the  ship,  also  when  the 
ship  is  towing,  and  when  driving  against  »  heed  wind  or  sea.  It  is  alAO  to  be 
noted  that  the  speed  of  ship  means  speed  through  the  water  ;  for  it  is  on  tliis 
account  that  so  littJe  strain  comes  on  the  moorings  of  a  ship  whose  engines 
are  working  at  full  speed  when  in  a  dock  or  confined  piece  of  water.  In  this 
case  it  is  only  at  first  starting  that  any  great  strain  is  ttirown  on  the  moor- 
ings, for  aA  soon  as  the  water  is  set  into  motion  so  as  to  flow  past  the  ship  in 
a  steady  stream,  the  power  b  absorbed  in  facing  the  stoeom  and  really 
propelling  the  ship  tiirough  the  water. 

Another  cause  of  variation  in  the  thrust  is  t^e  variation  in  the  twisting 
moment,  which  is,  as  before  shown,  very  great  in  certain  classes  of  engines. 

The  surface  exposed  to  thrust  may,  however,  be  calculated  from  the  mean 
normal  thrust,  and  allowance  made  for  all  emergencies.  This  surfiwe  ^ould 
be  such  that  the  pressure  per  square  inch  from  the  meea  normal  thrust  does 
not  exceed  70  lbs.;  and  for  tugboats  or  ships  especially  exposed  to  severe 
weather,  or  servjoe  analogous  to  either  of  these,  it  shonld  not  exceed  50  lbs. 
Ordinary  merchant  ships  have  usually  such  surface  that  the  nominal  tbntst 
does  not  exceed  60  lbs.,  and  naval  snips  45  lbs.,  as  they  may  have  to  tow 
or  do  analogous  work  at  full  speed. 

A  good  rule  is  as  follows: — Pressure  per  square  inch  of  thrust 
—  800  -^  ^R  d  +  100,  B  bdng  the  revolutions  and  d  the  diameter  of  thrust- 
shaft  in  feet. 

Diameter  of  Thmrt  CoIlarB. — Let  P  be  the  mean  normal  tbmst,  d  the 
diameter  of  the  shaft,  and  D  the  diameter  of  the  thrust  collars,  whose 
number  is  n,  and  the  pressure  60  lbs.     Then 

p-.60(l^-^\n-47(D»-rf')n/ 

and 

■>-^^^ 

The  thickness  of  each  collar  for  mere  strength 

-?M.d.I0OO).j_|^„. 

In  practioe  ttie  thickness  of  each  collar  =  0-4  (D  -  rf). 

i\)  Space  between  the  collars,  if  rings  are  of  solid  brass  «  0-4  (D  -  d). 

(2)  Space  between  the  collars,  if  rings  ore  of  cast  iron  faced  with  brass  or 
white  metal  ■=  0-75  (D  -  d). 

(3)  Space  between  the  collars,  if  rings  are  of  hollow  brass  for  water  to 
circulate  throu^  '  D  -  tf . 
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The  number  of  cxillare  depends  very  much  on  the  size  of  the  engine  and 
the  prejudice  of  the  designer.  If  Uiere  are  many  collars,  they  are  of  necessity 
somewhat  small,  and  although  the  chaneet  are  in  favour  ca  the  majority  of 
them  acting  efficiently,  allowance  must  be  made  for  the  contingency  of  Uie 
whole  thrust  coming  on  only  one  of  them,  and  the  lai^r  the  number  of 
collars,  tbe  less  able  is  each  one  separately  to  resist  the  whole  Uirust  The 
chief  objection  to  a  few  collars  is,  that  they  are  of  neoessity  of  comparatively 
large  diameter,  and  have,  therefore,  a  greater  resistance  to  turning  owing  to 
the  longer  radios,  besides  a  higher  speed  of  rubbing  surface ;  there  is  also 
the  consideration  of  cost  of  forging  against  large  collars. 

When  tiiere  are  a  few  large  collars  a  better  design  of  thrust-block  is 
possible,  and  the  rings  can  be  made  adjustable  without  removal. 

The  number  of  collars  should  vary  with  the  sise  of  the  shaft,  and  a  very 
good  rule  is,  that  there  should  be  one  collar  for  shafts  up  to  6  inches  diameter, 
and  then  an  additional  collar  for  every  2  inches  of  diameter  beyond  this 
when  the  collars  are  large,  and  the  engines  slow  running ;  fast-running  n&val 
engines  require  more  than  this  to  get  sufficient  surface. 


Fig.  60.— Common  Thnut-block. 

The  common  plan  of  thrust-block  with  many  collars  is  shown  in  fig.  60, 
and  a  modification  of  the  same  is  made  by  having  the  rings  in  one  casting. 
These  plans  are  cheap,  and  do  very  well  for  soc^l  engines.  So  long  as 
no  heating  is  allowed  to  take  place  in  the  bearing,  it  will  work  very 
welt ;  but  when  once  it  gets  out  of  order  it  is  difficult  to  deal  with  and 
impossible  to  adjust  at  sea.  It  suiTers  from  being  enclosed,  and  from  the 
rings  lacking  means  of  independent  adjuatment  Fig.  61  shows  apian  of 
thrust-block  which  is  most  suitable  when  there  are  a  few  large  collars.  Here 
the  thrust  is  taken  by  horse-ahoe  shaped  pieces  of  metal  faced  with  bronze 
or  white  metal,  and  fitt«d  sometimes  carefully  into  recesses  on  either  side  of 
the  mun  block.  When  faced  with  bronze,  each  may  be  adjusted  very  simply 
by  putting  thin  tin  hners  behind  the  facings,  which  are  hung  on  steady  pins. 
Phosphor  bronze  or  gun  metal  does  fairly  well  for  thrusts  when  the  shafts 
are  of  wrought  iron,  but  white  metal  does  better  and  must  be  employed  when 
the  shafts  are  of  mild  steel. 

Fig.  61  is  an  elaboration  of  the  form  of  block.  Here  the  horse-shoes  fit 
over  two  screwed  bars,  one  on  either  side  of  the  block ;  nuts  are  fitted  to 
these  bars,  so  that  each  collar  may  be  adjusted  by  its  own  nuts,  or  the  whole 
of  them  by  the  nuts  at  the  end.  A  simpler  and  cheaper  meUiod  is  to  turn 
these  side  oars  so  that  there  ia  a  collar  between  each  pair  of  shoes  instead  of 

•Ac 
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a  pair  of  nats,  that  is,  the  bars  have  a  set  erf  collars  oorreaponding  to  thoao 
of  the  shaft,  and  take  the  thrust  of  the  shoes  as  before. 

Both  these  plans  are  most  sacceasf  ul  in  practioe,  in  great  measure  due  to 
the  fact  that  the  collars  are  open  and  exposed  at  the  top,  so  as  to  be  easily 
lubricated  and  cooled  by  the  air,  and  to  their  running  in  oil,  or  in  a  mixtore 
of  oil  and  soapy  water  conbiined  in  the  trough  below-  them. 

It  is  most  important  that  a  bearing  be  placed  close  to  the  thrust,  so  that 
the  shaft  cannot  vibrato  and  cause  uneven  pressure  over  the  surface  of  the 
oollans.  llie  function  of  the  thrust  bearing  is  to  take  only  end  pressure. 
This  is  particularly  the  case  when  designed  with  horse-shoe  rings. 


Fig.  61.— Improved  ThruBt-blook. 

DUmster  of  Shafts,  Rnlea  fbr,  In  Practice.— As  almost  every  ship  is  classed 
with  one  or  other  of  the  shipping  registers,  the  shafting  must  in  no  case  be 
smaller  than  provided  for  in  the  rules  of  the  corporation  with  which  she  is 
clikssed,  and  from  whom  a  machinery  certificate  b  necessary.  All  British 
ships  carrying  more  than  12  pas.iengers  must  have  a  certificate  from  the 
Board  of  Trade,  whose  surveyor  has  to  report  that,  inter  alia,  the  shafting  is 
fit  and  proper,  kc  ;  in  his  case  it  means  that  the  diameters  are  not  less  than 
given  by  the  lioard's  Rule.i. 

The  Admiralty  now  jrenerally  specify  the  sizes  of  the  Tarions  shafts, 
which  are  almost  invariably  hollow,  and  of  steel. 

Board  of  Tbade  Rules  fob  Shafts. 

For  compound  condensing  engines  with  two  or  more  cylinders,  when  the 
or&nks  are  not  overhung : — 


BOABD  or  TBADE   BULBS  FOE  SHAHS. 


V- 


lere  S  =  diameter  of  shaft  in  inches. 

tP  =  square  of  diameter  of  high-pressure  cylinder  in  inches  or  sum 
of  squares  of  diameters  when  there  are  two  or  more  high- 
pressure  cylinaers. 
D*  —  square  of  diajneter  of  low-pressore  cylinder  in  inches  or  sum 
•f  squares  of  diametere  when  there  are  two  or  more  low- 
pressure  cylinders, 
P  K  absolute  pressure  in   lbs.  per  square  inch — that  is,  boiler 

pressure  plus  15  lbs. 
C  -'  length  of  crank  in  inches. 
/  =  constant  from  following  table. 
JPbto — Int«rm«diat«  presBiire  oylinder*  do  not  appear  ii 


For  ordinary  condensing  engines  with  one,  two,  < 
the  cranks  are  not  overhang : — 


D  the  formula, 
e  cylinden 


-y^ 


Where  D^— square  of  diameter  of  cylinder  in  inches ;  or  sum  of  squares 
of  diameters  where  there  are  two  or  more  cylinders.    Other  symbols  as  above. 

TABLE   XTII. 


JotTwoCnuk*- 

Vgr  Cruik  ud  Tbroit  BhmfM. 

/ 

/ 

Fur  Fnipellu  Shift* 
/ 

90° 
100* 
110° 

lac 
ISO" 
140° 
150° 
180° 
170° 
180° 

IW7 
966 

ordiDUTtjiptnialtipIr         ^ 

■nlUbIa  for  uUe  of        ^^ 

cnnk.bjl-4.                        jg, 

743 

740 

1221 
1128 

loss 

M7 
953 
919 
694 
877 
867 
864 

890 
821 
768 
727 
694 
670 
6fil 
638 
flSl 
629 

F(»n>rMCnnk>. 
120* 

nio 

12S6 

943 

JTMc— When  there 


is  only  one  or&nk  the  oonstauta  applicable  u 
the  Table  opposite  180°. 


*  The  portion  of  the  propeller  shaft  which  is  forward  of  the  stem  gland,  and  all 
the  thrust  shaft,  with  the  exception  of  the  part  enclosed  in  the  thrust  bearing,  may 
be  the  same  diameter  as  the  intermediate  tunnel  shafting. 
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Lloyd's  Rules  with  reoabd  to  Shaptinq. 
The  diameters  of  crank  Aod  straight  sh&fts  are  to  be  not  leas  than  tiioea 
given  by  the  following  formulte : — 

TABLE  XVIIa.— DiAKBTEEs  of  SHArre. 


D«lpU«>  of  ■•utiot. 

Compound  —  Two  cnuiktl 
.t  right  inglM,     -        .f 

Triple— Three  oruiki  at 
equal  angles, 

at  right  angles,     - 

Do.         —Four  cranks, 

(■M  A  + -ooa  D  + -02  sj  X  J/f: 

(1)38A+-OOOB+-002D+  -OIW  S)  x  'J  p; 
(034  A  +  -Oil  B  +  ■<»«  C  +  -OOU  D  +  -010    8)  x  {JfT 
{•028  A  t  -OU  B  +  -006  C  +  -OOn  D  +  -015  8)  x  "JfT 
(033  A  +  -01    B  +  -OMC  +  -0013  D  +  -OIK  S)  x  {/K 

Where  A  is  diameter  of  H.F.  cylinder  in  inches. 
B  „  first  LP.  „ 

C  „  second  LP.        „ 

D  „  LP.       „ 

S  is  stroke  of  pistons  in  inches. 

P  is  boiler  pressure  above  atmosphere  in  lbs.  per  square  inch. 
The  diameter  of  the  cranh-thaft  and  the  tlyrvit-tha^  between  the  oollara  to 
be  at  least  |^  of  that  of  the  intermediate  shafts.     The  diameter  of  thrust- 
abaft  may    oe   tapered  ofiF  at  each   end   to   the  same  size  as  that  of  the 
intermediate  shafts. 

The  diameUr  of  the  tcrew-thafl  to  be  equal  to  the  diameter  of  intermediate 

shaft  multiplied  by  ( -63  +  ■  -rp— )■  where  F  is  the  diameter  of  the  propeller 

and  T  that  of  the  intermediate  shaft,  both  in  inches.     In  no  case,  however, 
must  the  diameter  of  the  screw-shaft  be  less  than  1*07  T. 

J^ofe.— This  siie  of  Bcraw-aliaft  ii  ioModed  to  apply  when  oontiDnons  bran  lioera 
are  titled  the  whole  length  of  stem  tube.  If  no  liners  are  used,  or  if  two  separate 
ones,  then  the  shaft  must  be  \\  of  that  given  by  the  Kule.  Further,  these  Rules  apply 
only  to  two-cylinder  compound  enginee  when  the  ratio  of  low  pressure  to  high  pressure 
does  not  exceed  4'5  ;  to  tjiple-eipansion  engines  when  it  does  not  exceed  9*0  ;  lo  quad- 
ruple engines  when  it  does  not  exceed  12*0  ;  and  when  in  all  coscb  the  stroke  is  neither 
less  than  half  nor  gt«ater  than  the  diameter  of  low-pressure  cylinder. 

The  Bbitibh  Cobporation  Bdles. 
Diameter  of  Shafting. — ^The  minimum  diameters  of  crank,  thrust,  pro- 
peller, and  intermediate  shafts  may  be  found  from  the  following  formuln, 
except  where  the  ratio  of  length  of  stroke  to  distance  between  main  bearings 
i»  unusual,  when  they  will  receive  special  consideration : — 


.-y^z^ 


i  D  —  diameter  of  shaft. 
P  =  absolute  pressure — i.e.,  boiler  pressure  +  IS  Iba 
S  =  stroke  of  engine,  in  inches. 
L  =  diameter  of  low-pressure  cylinder,  in  inches 
B  —  ro  for  crank-  and  thrust.^iafts. 
B  —  0-95  for  intermediate  shafts. 
£  —  for  propeller  shafts  to  be  taken  from  the  following  Table  ^- 


K^^OO' 


,glc 


THE  BBTTIBH  OOBPORATION   RULES. 
TABLE   XVIH. 


CoriBotaitaf 

Batio  (X  DUmab 

X  ot  FioptUn  to  DUnaler  of  Cnatk-riuH.               | 

U 

11 

U 

IS 

17 

18 

-• 

•  ■0 

1-01 

1-02 

l^OS 

1-01 

li» 

■62 

1-01 

l^OS 

l^M 

1-06 

106 

■M 

1-02 

1-03 

1-07 

■M 

1D3 

■Oi 

!■(» 

1-06 

1-07 

108 

■68 

1-M 

■05 

106 

1^07 

I^OS 

1-00 

■70 

1-OB 

■06 

1^07 

1^«6 

IDO 

110 

•72 

loe 

W 

1-08 

1-00 

110 

Ml 

■7* 

1-07 

•08 

l^OS 

110 

Ml 

1-12 

■76 

1-08 

I-09 

1-10 

1-11 

1-lS 

MS 

1-09 

I^IO 

1-11 

1-13 

ru 

-80 

1-10 

Ml 

1-12 

118 

M4 

•  ■IS 

The  value  of  the  divisor  C  in  the  formula  depends  on  the  ratio  ^j, 

where  L  —  diameter  of   low-pressure   cylinder  ajid    H    of   high-pressure 
cylinder,  in  inches : — 


Two  Cniiki  st  ttr,  ComiMiiiH] 

I* 

or  Qiudniple,  iWi  TbrM 

H' 

Kip.D^(HL           "^ 

IteUo  3 

9.910 

10,160 

10,410 

10,660 

..      H 

10,910 

„      3g 

11,160 

-      3 

11,410 

11.660 

..      ■* 

11.910 

..      *i 

12,160 

M             H 

12,410 

.,    * 

12,860 

12,910 

13.660 

13,376 

14,160 

»       6 

13,840 

14,670 

14,300 

16,180 

"       8 

14.770 

10,690 

16,235 

16,200 

',',      8 

16,700 

16,710 

>.       SI 

16,630 

17,730 

..      7 

17,660 

18,630 

..      71 

18,410 

19.530 

«      8 

19,260 

20,430 

22,660 

.,    ^ 

20,110 

21,330 

23,660 

,.      B 

20,960 

22,900 

24,660 

,.      % 

21,760 

23,070 

26,660 

..    10^ 

22,540 

23,040 

26,680 

.,    101 

23,330 

24,810 

27,600 

..  11 

24,120 

26,660 

28.420 

,.  Ill 

24,900 

36,000 

29,340 

,.     12 

25,680 

27,340 

30.260 

SOS  lUNUlL  or  HABIKB  KNalNBEBIira. 

Boles   of  ths   Bcbia.u   Ybbitas. 
Iron  Shafti  for  Sor«w  Steamers, 
(a)  Crank  ShafU. — g  7.  When  tlie  crank  of  a  screw  engine  is  oot  over- 
hang, the  diameter  of  the  shaft  ah&ll  be  detormiiied  bj  one  of  the  following 
formulffi  : — 

For  noa-compotmd  condensing  engines : 

..y^.  -  -  -  .  w 

For  double,  triple,  and  quadmple-expansioD  engines : 

i.yZIK5^MiS.    .    (B) 

For  shafts  having  a  single  overhang  orank,  the  form  under  the  radical 
sign  is  to  be  multiplied  by 

For  two-blinder  single-crank  tandem  engines  the  formtila  will  therefore 


'-'J' 


PLp;-h01D^)(»+  ^/«'  +  l>.    (C) 


In  tiioee  formaln : 
d  =  diameter  of  the  after  shaft  bearing  in  inches. 
«i  =  number  of  high-pressure  cylinders. 

Dj  =  diameter  of  eadi  high-pressure  cylinder  in  inches.     If  there  are 
several  high-pressure  cylinders  the  diameters  of  which  are  not 
the  same,  Hj  D]  represents  the  sum  of  the  squares  <£  their 
respective  diameters. 
n  =  number  of  low-pressure  cylinders. 

D  K  diameter  of  each  low-pressure  cylinder  in  inches.     If  there  are 

several  low-pressure  cylinders  the  diameters  of  which  are  not  the 

same,  n  D'  represents  the  sum  of  the  squares  of  their  respective 

diameters. 

If.S. — For    triple    or    quadruple- expansion   engines    the    intermediate 

cylinders  do  not  come  into  account  in  tiie  formate. 

L  =  length  of  stroke  in  inches,  common  to  all  pistons. 

P  =  boiler  pressure  above  atmosphere  in  pounds  per  square  inch. 

«  "■  -  (see  below).  In  order  to  determine  a,  B  is  supposed  to  be  situated 
**  half-way  the  length  of  the  bearing,  unless  the  latter  be  longer 
than  IJ  times  the  diameter;  in  this  case  B  G  may  be  considered 
as  being  equal  to  |  of  the  diameter. 

0  —  a  constant,  the  values  of  which  for  iron  shafts  are  given  below  for 
certain  cases.  The  values  given  apply  to  navigation  in  a  sea- 
way ;  for  smooth  water  (tugs  excepted)  the  constants  may  be 
increased  by  30  per  cent. 

If  it  is  above  15*,  it  should  be  increased  by  an  amount  to  be  determined 
by  the  Administration ;  for  built-up  shafts,  however,  this  latter  increase  will 
not  be  required. 
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for  compound  enginea,  the 
e  compared  with  the  high- 


For  hollow  shafts  the  diameter  must  be  increased  b; 
1  per  cent  if  tiie  diameter  of  the  hole  is  0-4  <^  the  outeide  diameter. 


10       .. 

If  the  hole  is'  under  Q-i  of  tiie 
outside  diameter,  no  increase  will  be 
required. 

The    Administration    may    allow    a 
reduction   on  the    diameter   in   certain 
speciaJ  cases,  for  instance  in  well-balanced 
engines  wiUi  li^t  mo'ring  parts,  or  for 
very  superior  workmanship,  bo.    On  the    — 
other  hand,  the  Administration  may  re- 
quire an  augmentation  for  engines  which 
differ   much  from    the   average  propor- 
tions foand  in  practice,  thus,  for  instance, 
for  engines  having  a  comparatively  small  stroke; 
bw-pressure  cylinder  of  which  has  a  veiy  large  sij 
pressure  cylinder,  &c. 

Taluks  of  C  ih  Fobhgla  (A),  (B),  (C). 
I.  Hon-Cotrqxiund  Condenting  Bngines  with  tun  Cylindert  and  two  Crania. 
Formula  (A)where  n  =  \  and  C  =  4800  when  the  angle  between  the 
cranks  is  90*.     When  it  is  not  90*,  the  constants  are  to  be  multiplied  by  the 
following  ooeffidents : — 

For  100*  0-91. 

120°  0-79. 

140*  0-72. 

leo'-ieo*  0-70. 

II.  DouhU-Sxpannoti  Engines  {Ordinary  Compowul). 
1.  Two-CTank  two-cylinder  intermediate  receiver  engines. 
Formula  (B)  where  nj  ™  n  =  I 
C  —  3400  when  the  angle  between  the  cranks  is  90". 
For  otiier  angles  the  constant  is  to  be  multiplied  by  the  coefBcients  given 
in  Case  I. 

3.  Two-crank  double-tandem  engines  (two  high-  and  two  low-pressure 
(flinders). 

Formula  (B)  where  n,  =  n  =  2 
C  =  3ff00  when  th&  angle  between  the  cranks  is  90°. 
For  other  angles  the  constant  is  to  be  multiplied  by  the  coeffidenta  given 
in  Case  I. . 

3.  Three-crank  triple-tandem  engines  (three  high-  and  three  low-pressure 
fiylinders). 

Formula  (B)  where  n,  =>  n  ^  3 
C  -  3800  when  ihe  cranks  are  at  120*. 
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4.  Single-crank  tandem  engiQee  (one  hi^-  and  one  low-pressure  cylinder). 
WhsD  the  crank  is  not  overhung : 

v] 

•  2100." 
When  the  crank  it  overhung  : 

Formula  (C)  where 
C  -  3200. 
These  two  valuee  suppose  a  cutK>ff  at  0'8  of  tiie  stroke  in  the  high-pressnre 
cylinder.     For  later  cut-ofis  the  constant  is  to  be  iocreased. 

5.  Three-crank  three -cylinder  engines  (one  high-  and  two  low-preasure 
cylinders). 

Formula  (B)  where  nj  =  1,  n  =  3 
C  >  3600  when  the  oranks  are  at  120°. 

III.  Triple  Expatuion  Engine*. 

1.  Three-crank  three-cylinder  engines  {one  high-,  one  intermediate,  and 
one  low-preasure  cylinder). 

Formula  (B),  where  n,  =  1,  n  =  1 
C  ^  3000  when  the  cranks  are  at  120°. 

2.  Two-crank  three-cylinder  engiDes  {two  of  the  cylinders  placed  tondem- 
wise). 

Formula  (B),  where  n,  -  »  =  1 
C  —  3000  when  the  cranks  are  at  right  angles. 

3.  Two-crank  four-cylinder  engines  (two  tandem  engines,  viz.,  two  high- 
pressure  cylinders  on  the  top  of  t^e  intermediate  and  low-pressure  cylinders). 

Formula  (B),  where  n,  -^  2,  n  =  1 
0  ~  3300  when  the  cranks  are  at  right  angles. 

rV.  Other  Oa»e». 

For  quadruple-expansion  engines,  as  well  as  for  other  ca«es  not  included 
ID  the  foregoing,  the  constant  will  be  determined  by  the  Administration. 

N.B. — For  quadruple-expansion  double-tandem  engines  with  two  cranks 
at  90°,  the  value  of  C  may  be  provisionally  taken  as  3100. 

In  the  case  of  four  cranks  at  right  angles,  the  value  of  C  may  be  token 
at  3600.  If  the  sequence  of  cylinders  and  the  angles  of  the  cranks  are  chosen 
so  as  to  reiluce  the  maximum  torsional  moment,  the  above  value  may  be 
increased,  but  in  no  case  shall  exceed  4100.  Each  particular  case  to  be 
submitted  for  approval. 

(6)  Propeller,  Tti/nnel,  and  Thrust  ShaJU. — The  diameter  of  propeller  shaft 

must  be  (\■^  -r  -  IS)  per  cent,  in  excess  of  the  diameter  of  the  crank-shaft 

calculated  from  one  of  the  formule  (A),  (B),  or  (C)  ;  D  being  the  diameter 
of  the  propeller  in  inches,  and  d  the  diameter  of  the  crank-^aft  in  inches. 
It  ia  recommended  to  fit  the  propeller  shaft  in  such  a  way  that  it  cannot 
move  endways,  if  for  some  reason  or  other  it  has  been  uncoupled  from 
the  rest  of  the  shafting.  Liners  fitted  op  propeller  shafts  to  be  tapered 
off  at  ends. 
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For  tunnel  ahafte  a  redaction  of  6  per  cent,  on  the  ditunetcr  of  %he  crank- 
shaft will  be  allowed. 

The  diameter  of  thrust  shaft  at  the  bottom  of  the  collars,  boUi  between 
and  immediately  beyond  these  latter,  to  be  equal  to  that  of  the  crank-shaft, 
and  tapered  off  at  each  end  to  the  smaller  dituneter  of  the  body  of  the  shaft 
The  thrust  of  the  screw  propeller  must  be  taken  up  by  an  efficient  thrust 
block,  so  as  to  prevent  any  fore  and  aft  strain  on  the  crank-ahaft. 

Iron  Shafts  for  Paddle  8te«men. 
g  8.  In  aide  wheel  steamers  having  double,  triple,  or  quadruple-expansion 
engines  with  an  intermediate  ahaft,  each  end  of  which  carries  an  overbnng 
crajik-pin  fitting  loosely  into  an  eye  of  the  paddle  ahaft  crank,  the  bearing  of 
tiie  latter  (see  A  of  the  following  sketch)  must  have  its  diameter  calculated 
from  the  formula : 


d=    '/FLKD;  *  0-l«D')(s" 


(I>) 


J 

]ri^;mimmt    . 

♦ 

■-r". 

-■-i 

Fig  62'<. 
where  (he  lel;ters  have  the  same  meaning  as  before  (§  7),  except  that  n,  for 
determining  «  =  -  is  to  be  measured  as  shown  in  the  above  sketch,  the  point 
B  being  the  middle  of  the  bearing. 

For  twtM^ylinder  compound  receiver  engines  with  two  cranks  at  90*. 
C  =  13,000  for  navigation  in  smooth  water. 

For  coasting  or  sea-going  at«amers  the  constant  is  to  be  reduced,  but  need 
not  be  under  5700. 

The  diameter  of  the  outer  bearing  of  the  paddle  shaft  and  of  the  inter- 
mediate ahaft  to  be  submitted  to  the  Administration  or  the  Surveyors  for 
approval.    The  same  applies  to  other  cases  not  dealt  with  in  this  paragraph. 

Steel  SbaftB. 
§  9.  Shafts  made  of  steel  must  have  a  tensile  strength  of  26  to  30|  tons, 
and  test  pieces  cut  from  the  forging  must  satisfactorily  withstand  the  pre- 
scribed tests.  When  it  is  desired  to  make  use  of  steel  of  softer  or  harder 
quality,  t^e  corresponding  alteration  in  the  diameter  must  be  submitted 
to  the  Administration  (of  the  Bureau  Veritas)  for  approval. 
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Kdlb  1. — Diameter  of  shaft 


V   revolntioi 


The  value  of  F  is  got  from  tJie  following  Table,  where  p  is  the  boiler 
pressure— that  is,  the  load  on  the  safety  valve  r — 

TABLE  XYIII. — Shafis  vor  Sobkw  Ehqinbs. 


DacrlpUta  al  Son*  BnglnM. 

^^^^ 

T^r^jiS. 

^r.^ 

Two-crank     „             „      eip&iinve. 

1» 

soo 

10     .. 

8      .. 
6  2     „ 

afl    „ 

72 

75 

130 

160 
IS  X 
12-2 
8-5 
7-0 
6-2 
SB 
63 
61 

-Jp 

175 
23S 

12      „ 
9  8      „ 
7-3      „ 
8-0      ., 
100 
75 

The  crank-  and  screw-shafts  of  ships  which  are  nm  at  full  speed  only 
oocasionAllj,  and  for  short  periods,  may  be  calculated  by  taking  F  at  half  Ijie 
above  valaes. 

BxamfU. — ^To  find  the  diameter  of  the  erank-ebaft  for  a  three-crank 
tripl&«ompound  engine  having  cylinders  30  inches,  45  inches,  and  76  inches 
diameter,  and  a  stroke  of  fiO  inches.  The  load  on  safety  valve  is  1G5  lbs., 
the  revolutions  90,  and  the  I.H.F.  3300. 

(1)  By  above  Bough  Rule.  _ 

Diameter  of  crank-shaft  =  '*/  — 


/3300 


(2)  By  Board  of  Trade  Rule. 

Diamet«r  of  orank-ebaft  ^ 

(3)  By  IJoyd's  Rules. 
Diameter  of  crank -shaft 

21  , 


1  6-3n/1C5  =  U-3ins. 
/25  X  180  X  75* 


1110  (2 


75'\  =  140  ins. 


=  25  ^'^^^  X  30  +  009  X  4B  +  ■002  x  75  +  -0165  x  50)  Vl65  =  14-B  ins. 
(4)  By  British  Corporation  Rule. 

Diameter  of  crank-shaft  -  '/i?2,''  ' 
(6)  By  the  Boles  oi  the  Bureau  Terites. 
3SO0 


<  75''  X  60 
17,300 


14-3  int 


Diameter  of  shaft  =  .^  Iti^  x  50  (3ffl^  Ql  x  75^)  ^  j^.., 


IB.  (iron). 


DBTAILS   or  CHANK-SHAFTS.  213 

TABLE  XVIIIrt.— Shaptb  for  Paddlr  EiTHiUEfl. 


Shaft  JoonuL 

Tain,  at  r 
Paddle-thalt 
Inner  JonnuL 

ValMoCF 
OatwJounwL 

Two -crank    two .  cylinder ;    ormnki  1 
TirtoaUy  at  right  Miglea,  and  oon-  J 

Two-crank  two-cyUnder.  with  inter.  1 
modiato   Ebalt;   crtuike   ft   right! 
angles, ) 

Two-crank  two-oylinder ;  eolid  craok- 
shaft ;  cnuikB  at  right  aogleo,        -  t 

BS 

80 
S8 

60 

«S 
6S 
66 

For  paddle  steamers  working  only  in  smooth  water  the  above  values  of  F 
may  be  reduced  20  per  cent 

The  ^mve  values  of  F  will  stiffioe  for  iron  shafts,  but  it  is  bettor  not  to 
reduce  tiiem  when  employing  mild  steel,  unless  the  forgings  are  from  ingots 
of  the  highest  quality. 

Details  of  Grank-shaftB. 
Crank-arms  it  foiled  solid  with  ihe  shaft — 

■Breadth  -         -         ■        -  =  M     x  diameter  of  shaft 
Thickness        -        -        -  =  0-76  x  „ 

Diameter cA conptiug       -  »  20    x  „ 

Thickness        „      -        ■  =  0-3    x  „ 

Number  of  coupling  bolts  —  3        +  diameter  of  shaft  in  inches  -i-  2. 

Diameter  „  „      »  diameter  of  shaft  -i-  — ^^r — . 

Diameter  of  crank-pins    -  =  1  to  11  x  diameter  of  shaft 
Length  „  -  =  1  to  lA  the  diameter  of  shaft 

Length  of  journals  -        -  =  1  to  1|  „ 

The  following  rales  give  sizes  closely  approximating  to  those  found  in 
practice,  and  may  be  used  to  obtain  the  diameter  of  the  shafts,  preliminary 
to  making  a  more  elaborate  calculation.  They  are,  therefore,  very  useful  in 
the  initial  stages  of  a  marine  engine  design  to  enable  the  designer  to  get  on 
■with  the  work ;  but  being  purely  empirical  they  should  be  used  with  some 
caution : — 

d  is  the  diameter  of  tiie  H.P.  cylinder  in  inches, 
d,         „  „  M.P. 

D  „  „  L.P. 

S  the  stroke  also  in  inches. 

P  a  factor,  which  for  the  crank-shaft  of  ordinary  compound  engines 
with  cranks  at  90°  is  12;  and  for  the  tunnel-shafts  is  13;  for 
three-crank  triple-compound  engines  F  is  11  for  the  crank-shaft 
and  16'2  for  the  tunnel-shafts. 
(1)  Ordinary  compound  engines 

*       .I.U.       d  +  D  +  S 
Diameter  of  shaft  =  ** • 


■  Breadth'  x  thloknen  -  00  x  A 
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(3)  Triple-oomponDd  Uiree-cnnk  engioeH 

Diameter  of  shaft  —  s . 

Since  it  is  usual  for  d  +  d_  to  eqnal  or  nearly  equal  D ;  and  d^  is 
usually  equal  to  15  rf;  then  d  +  d«  +  D-SDorBrf.     Then  diameter  of 

crank-fihaft  of  a  tlire&^rank  tnple-compoimd  engine  —  — yj —  or  =  — ^1 — ■ 

Hollow  Shafts. — ^The  steel  shafts  in  naval  ships  are  now  almost  invariably 
made  hollow  in  order  to  have  the  maximum  strength  with  the  minimum 
weight  It  is  seen  that  the  strength  of  shafts  varies  as  the  cubes  of  their 
diameter,  but  the  weight  varies  as  the  square ;  hence,  a  shaft  of  10  inches 
diameter  is  only  231  per  cent,  heavier  than  one  of  9  indies  diameter,  but  by 
the  above  rule  it  is  37  per  cent  stronger.  Now,  if  the  weight  of  the  10-incQ 
shaft  be  reduced  to  that  of  the  9-inch  shaft  by  boring  a  hole  4'36  inches 
through  it  longitudinally,  its  strength  to  that  of  the  latter  will  then  be 
roughly  10*  -  4-36»  to  9*;  or  917  to  729,  or  nearly  26  per  cent  stronger. 

This  hollow  shaft  will  also  be  much  stiffer  against  bending  by  its  own 
weight,  and  therefore  very  suitable  where  the  supports  are  necessarily  far 
apart ;  it  will,  however,  be  much  mora  costly  of  manufacture  than  a  sohd 
shaft 

The  exact  calculations  for  hollow  shafts  differ  somewhat  from  that  given 
before  on  the  basis  of  the  cubes  of  diameters ;  the  late  Professor  Bankine 
showed  (ApptUd  Mechaniet,  p.  355)  that  if  d  is  the  diameter  ot  a  sohd  shaft, 
rf,  that  of  a  hollow  one  whose  internal  diameter  is  efg,  then 

61     "     61  xd,    '""^ ^      • 

Now,  in  general  practice,  d|,  —  g  ■ 

Substitutdug  this  value  In  the  above, 

d- -  V.||;  or  rf..<i^I|.dx  1-022. 

That  is,  the  diameter  of  a  hollow  shaft  to  equal  a  solid  one  in  strength 
should  be  only  2  per  cent  larger  when  the  hole  is  as  much  as  half  the 
diameter. 


CHAPTER  X. 

rODNDATIONB,   BBD-PUTBS,  COLUMNS,   OUIDBS,   AKD  VRJtUlSQ. 

For  the  good  working  of  an  engine  it  is  essential  that  the  fixed  parts,  such  as 
bed-plate,  framing,  &c.,  shall  not  only  be  strong  enough  to  resist  the  strains 
to  which  they  are  subject,  but  rigid  and  stiff  enough  to  prevent  any  tendency 
to  change  of  form  which  would  throw  abnormal  stresses  on  the  working  parts. 
With  (his  object  in  view  it  is  usual  to  cc»istruct  such  parts  of  cast  iron  or 
cast  steel ;  and  &om  their  form  and  general  oonstruction  Ihis  enables  the 
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engineer  to  manufacture  a  cheap  atmctnre  having  the  necca.<*ary  qualities. 
But  since  cast-iron  bos  not  a  high  tensile  strength,  and  is  comparatively  UD- 
suited  to  withstand  sudden  shocks,  structures  mode  of  it  cannot  be  so  light 
OS  if  made  of  wrought-iron  or  ateel ;  so  that  when  extreme  Ughtneas  of 
machinery  is  aimed  at,  the  framing  is  usually  made  of  forged  steel  or  wrought 
iron,  and  rigidity  given  to  it  by  croaa  bracing,  4c.  This  latter  system  is,  of 
courses  b"  expensive  one  in  moat  engines,  and  only  adopted  when  economy  of 
weight  is  of  more  importance  than  economy  of  manufacture.  Although  cast- 
iron  framing  and  bed-plates  are  nndoubtedly  cheaper  and  better  for  engines 
generally,  and  continue  to  be  used  for  all  sizee  in  the  mercantile  marine,  a 
system  of  construction  with  wrought-iron  or  Bt«el  for  very  large  engines  may 
OB  adopted  with  advantage,  and  taking  into  account  coat  of  patterns  cmd  ri^ 
in  casting  may  be  moro  economical. 

Steel  manufacturers  can  now,  however,  produce  large  and  moderately 
complicated  castings  in  steel,  and  the  foundations  and  frames  of  naval 
engines  of  laive  sizes  are  being  made  wholly  of  that  material.  Increased 
experience  in  the  making  of  steel  castings  wilt  no  doubt  give  greater  faith  in 
ttieir  soundness  as  well  oa  permit  of  a  lower  price,  when  no  doubt  they  will 
be  more  freely  used  for  columna  and  foundations  (fig.  12).  At  present  they 
can  oidy  be  uaed  to  advantage  in  large  engines  owing  to  the  great  thickness 
demanoed  by  the  steel  moulders. 

Bed-plates  and  Foundations.— Vertical  engines  are  usually  built  on  a 
structure  called  by  these  names,  and  sometimes  known  as  the  aote-plale.  It 
coDtaina  the  main  bearings  for  the  crank-ahaft,  and  on  it  are  the  facings  for 
the  columns,  condenser,  Ac.,  and  it  sometimes  contains  the  waterways  lead- 
ing from  the  condenser  to  the  pumps.  This  form  of  sole-plate  underlies  the 
whole  of  the  engine,  and  is  moat  suitable  when  the  engines  are  to  be  fitted 
into  a  ship  of  light  construction  ;  it  is,  however,  somewhat  heavier  and  more 
expensive  than  the  one  generally  adopted  (fig.  31),  when  the  condenser  is 
fitted  with  horizontal  tubes  in  a  fore  and  aft  direction.  The  foundation  then 
contains  only  the  main  bearings,  and  has  facings  for  the  front  columns  only ; 
it  is  bolted  to  feet  on  the  front  of  the  condenser,  so  that  with  the  latter  it 
forma  the  base  or  engine  superstructure.  The  condenser  is  in  this  cose  lower 
down,  and  the  weight  and  cost  of  half  the  sole-plate  is  saved.  The  part  of  the 
foundation  fitting  to  the  feet  on  the  condenser  front  should  be  of  good  depth, 
'Uie  flanges  strong,  notched  one  into  the  other,  and  strongly  bolted  at  top  and 
bottom.  The  transverse  parts  of  the  bed-plate,  into  which  the  main  bearing 
brasses  are  fitted,  are  sometimes  formed  like  inverted  bowstring  girders,  and 
are  unsupported  by  the  bed  built  in  the  ship,  but  span  the  space  between  the 
fore  and  aft  bearers.  This  is  convenient  sometimes,  eapecially  when  the  shaft 
must  be  low  down  in  ships  with  a  good  rise  of  floor,  and  alao  for  very  small 
engines ;  but  it  must  be  of  strong  form,  and  as  it  depends  for  strength  only 
on  the  connection  to  the  longitudinal  parts  of  the  foundation,  it  is  a  moat 
convenient  form  when  steel  castings  are  used,  as  also  for  very  light  engines ; 
additional  support  may  be,  and  often  is,  given  in  the  cose  of  large  engines  by 
bolting  to  the  ship  at  the  middle  (fig.  66).  When  this  particular  style  is 
adopted  great  care  should  be  exercised  in  designing  the  foundation,  so  that 
the  transverse  portions  have  a  good  ext«nded  connection  to  the  longitudinal 
ones,  esftecially  in  the  direction  of  the  column  bases.  If  the  longitudinal  parts 
are  flat  and  straight  on  the  bottom,  so  as  to  be  in  the  same  plane  as  the  rest 
of  the  foundation,  they  may  be  formed  with  flanges  and  bolt«d  to  the  steel 
Meting  in  the  ship,  and  from  it  receive  support  and  strength. 
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IbJn  Betliogl. — The  bnringii  in  vhich  Uie  shaft  jonm&b  run  should 
«pproxin»te,  w  fu  u  possible,  to  a  hole  through  a  aolid  Bnpport  If  it  were 
practicable  a  hole  witb  a  bush  of  snitable  metal  in  it  would  form  the  best 
possible  bearing  for  a  shaft;  but  since  the  bearing,  however  well  designed  and 
made,  is  liable,  in  course  of  time,  to  wear  somewhat,  it  becomes  a  necessity  that 
there  shall  be  some  means  of  adjusting  the  brasses,  so  as  to  prevent  the  shaft 


Fig.  63.  — Ctank-shaft  Bearing. 


Fig.  M. — ImproTed  Form  of  Crank -shaft  Bearing. 

from  having  side  movement  when  tiiey  are  worn.  In  the  case  of  the  vertical 
engine,  Uie  weight  of  the  shaft,  and  the  pressure  from  the  piston,  act  veiy 
nearly  in  t^e  same  direction,  so  that  the  wear  is  only  vertically  above  and 
below  the  shaft;  consequently  the  adjustment  is  necessary  only  in  a  vertical 
direction.     The  greatest  strains  on  the  bearings,  however,  are  during  the  first 
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half  of  the  stroke,  and  consequentlT  the  position  of  mean  pressure  on  the 
journals  ia  not  exactly  Terti<^ ;  una  is  also  somewhat  modified  on  the 
upstroke  by  the  tendency  of  Uie  shaft  to  roll  on  the  surface  of  tiie  brasses, 
and  on  the  downstroke  it  is  ^nravated  from  the  same  cause.  In  fitting  the 
brasses  for  a  vertical  ensine,  this  should  be  borne  in  mind,  and  every  allow- 
ance made  for  taking  the  wear  dne  to  tbese  canses.  It  is  of  the  utmost 
importajice  for  the  good  working  and  endurance  of  a  crank-shaft^  that  the 
bearings  be  rigid  in  themselves,  and  that  the  framework  containing  them 
shall  be  rigid  enough  to  sustain  them  perfectly  In  line  one  with  another. 
Crank-shafts  are  more  severely  tried  by  the  giving  or  springing  of  the  bear- 
ings than  any  other  cause,  and  they  were  oftener  broken  from  want  of  rigidity 
in  the  bed-plate  and  scatings,  than  from  the  normal  strains  from  the  pistons, 
BO  that  a  shaft  may  be  of  ample  size  to  bear  the  twisting  and  bending  strains 
if  properly  supported  in  its  bearings,  and  yet  give  way  after  a  few  weeks' 
work  in  a  light  foundation  in  a  weak  ship. 

The  brasses  are  usually  formed  as  shown  in  fig.  63,  and  carefully  bedded 
into  the  recesses  provided  for  them  in  the  foundation.  At  one  time  it  was 
usual  to  design  them  with  projecting  facings,  called  chipping  stripe,  to  avoid 
the  labour  of  chipping  and  filing  the  whole  of  the  surface;  this  was,  however, 
found  to  be  highly  objectionable  as  engines  increased  in  size,  and  with  the  in- 
crease of  boiler  pressure,  and  consequent  increased  percussive  action  due  to  the 
high  initial  loads,  such  an  effect  was  produced  on  these  strips  and  the  cast- 
iron  surface  on  which  they  were  home,  that  engineers  have  gradually  aban- 
doned the  practice ;  the  planing  machines  also  have  rendered  such  a  device  un- 
necessaiy,  as  it  is  nearly  as  cheap  to  fit  brasses  so  as  to  bear  over  the  whole 
surface  as  to  do  bo  only  on  strips.  The  square  bottom  brass  is  objectionable 
on  two  grounds ;  one  being  that  it  is  impossible  to  remove  it  in  most  engines 
without  lifting  Uie  shaft,  and  the  other  that  when  it  becomes  hot  it  is  invari- 
ably distorted,  from  its  variation  in  thickness  of  metal,  with  the  ultimate 
result  that  it  is  broken  through  the  middle  longitudinally. 

The  first  of  these  evils  is  avoided  by  making  the  bottom  brass  round  and 
of  even  thickness,  so  that  it  can  be  got  out  when  relieved  of  the  weight  of 
the  shaft,  by  being  moved  around  until  it  is  on  the  top  of  the  journal.  The 
second  evil  is  also  partly  avoided  by  making  it  of  an  even  thickness;  but 
this  form  of  brass  is  often  found  cracked,  and  is  liable  to  heat  from  its  want 
of  stifiFness.  Bot^  these  brasses,  when  first  heated  by  abnormal  friction, 
tend  to  expand  ^ong  the  surface  in  contact  with  the  shaft ;  this  would  open 
the  brass,  and  make  the  bore  of  larger  diameter,  if  not  prevented  by  the 
cooler  part  near  Hie  cast  iron,  and  by  the  bed-plate  itself.  If  Uie  brass  has 
become  hot  quickly  and  excessively,  the  resistance  to  expansion  produces 
permanent  set  on  tne  layers  of  metal  near  the  journal,  so  that  on  cooling  this 
contracts,  the  brass  closes  and  tends  to  grip  the  shaft ;  it  will  then  set  up 
sufficient  friction  to  heat  again,  and  expand  sufficiently  to  ease  itself  from 
the  shaft,  and  so  long  as  that  temperature  is  maintained  the  shaft  runs  easily 
in  the  bearing.  This  is  why  some  bearings  always  are  a  trifle  warm,  and 
will  not  work  cool.  A  continuance  of  heating  and  cooling  will  set  up  a 
mechanical  action  at  the  middle  of  the  brass,  which  must  end  in  rupturing 
it,  just  as  a  piece  of  sheet  metal  is  broken  by  continually  bending  back- 
waras  and  forwards  about  a  certain  line. 

This  action  of  the  brass  can  be  prevented  by  securing  it  to  the  bed-plate, 
along  its  two  longitudinal  edges,  as  shown  in  fig.  64,  by  sji  H  shaped  strip, 
whica  holds  both  top  and  bottom  brasses,  so  that  they  cannot  move  in  their 
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beds.     This  method  is  a  very  simple  one,  and  bu  been  most  auooessfnl  lA 
engines  of  &11  sizes. 

It  is  also  essential  that  the  bearing  to  be  efficient  should  be  rigid  Uuvogh- 
ont  its  irhole  length ;  this  is  not  tiie  case  when  the  brasses  have  loi^ 
overhanging  ends*  which  afford  little  or  no  support  to  the  shaft  To  this 
end  it  is  Iwtter,  when  possible,  to  extend  the  tied  for  the  brasses,  so  as  to 
support  ttiem  over  the  whole  of  their  length,  as  shown  in  fig.  64. 


Fig.  eo.— Sulid  SUttl  Mun  Bearing  Frame. 


Fig.  G6. — Cftat'Bl«eI  Msin  BeBring  Frame  for  Naval  Engines. 

Caps  or  Keeps  for  Main  Bearings  are  very  generally  made  of  wrought  iron, 
but  as  stiffness  is  as  necessary  as  strength,  cast  steel,  as  in  fig.  65,  or  even 
cast  iron,  as  in  fig.  64,  may  be  used  with  advantage  in  their  construction.  A 
wrought-iron  cap,  which  may  be  amply  strong,  is  often  far  from  stiff  enough, 
while  a  cast-iron  cap,  whi<^  is  stiff  enough  for  good  working,  is  gener^ly 
amply  strong. 

Let  d  be  the  diameter  of  the  main-hearing  bolts  (when  there  are  only  two 
to  each  cap),  t  the  thickness  of  the  cap,  and  b  its  breadth,  I  is  the  pitch  ai  the 


bolte,  all  in  inches  J /a  factor,  which  for  wrought  iron  uid  forged  ateel  is  1, 
for  caat  st«el  I'S,  and  for  cast  iron  2. 

Thickness  of  cap  =  d  ,/  r  "  _^ 

Hkickness  of  brass  at  middle  =  ^  .  /  v 

J  V    6 

Hun-tKaiing  BoltB. — Each  cap  is  nBually  held  by  two  bolte,  but  very 
large  bearings  have  four  bolte,  two  on  each  side,  so  as  to  avoid  large  bolts  and 
heavy  nuts,  and  to  distribute  the  strain  over  the  cap.  When  eveirthing  ia 
in  good  order  and  properly  adjusted,  the  load  from  the  piston  should  bo 
equally  divided  between  tlie  bolts ;  bat  since,  from  a  very  slight  differenoe  in 
setting  of  the  nuts,  the  load  may  come  on  Uiree,  and  sometimes  even  on  two 
bolts  only,  due  allowance  must  be  made  for  this.  To  meet  this  it  should  be 
assumed  that  each  bolt  is  capable  of  sustaining  one-third  the  load  on  the 
piston.    If  F  is  the  maximum  load  on  the  piston  in  lbs., 

p 
Area  of  each  bolt  at  bottom  of  thread  =  ^ 

For  mild  st«el  /  =  5000  lbs.  for  small  and  7000  lbs.  for  large  bolts. 

For  good  iron  /=  *500       „  „  6000      „  „{».  Table  xlvic). 

Diameter  of  main-bearing  bolt  =  diameter  of  cylinder  x     .  /  ^. 

p  is  the  maximum  pressuie  per  square  inch,  and  is,  as  stated  on  p.  164,  and 
may  be  token  generally  at  0'76  x  absolute  boiler  pressure  for  the  high- 
pressure  cylinder  of  a  triple  engine,  to  equal  ttie  load  on  the  low-pressure 
piston. 

Brasses,  so  called  because  generally  made  of  brass — They  should  be  made 
of  a  metal  which  will  withstand  wear  without  wearing  the  shaft  journals,  and 
whose  surface  is  such  that  the  shaft  runs  on  it  with  a  minimum  amount  of 
friction.  The  metal  must  also  possess  sufficient  strength  not  to  fracture 
under  the  percussive  stwdns  of  the  piston,  and  be  free  from  brittleness,  so  as 
not  to  crack  when  quickly  cooled.  Good  gun-metal  or  bronze  possesses  ail 
the  qualities  essential  for  brasses  when  the  journal  is  of  wrought  iron 
or  fairly  bard  steel ;  but  the  soft  steel  as  used  for  shafts  will  not  run 
satisfactorily  on  bronze  bearings.  There  are,  however,  other  metals  which 
have  certain  of  these  qualities  in  a  higher  degree  withoat  having  them  all. 
Cast  iron  is  harder  than  ordinary  bearing  bronze,  and  when  once  worn  to  a 
smooth  surface  gives  equally  good  results ;  but  it  is  liable  to  fracture  from 
continued  shocks  and  when  cooled  suddenly.  White  metels  o&er  least  resist- 
ance, or  produce  least  friction,  but  most  of  them  are  too  soft  to  be  used  alone. 
Of  the  patent  bronzes  there  are  few  which  are  suitable  for  heavy  bearings, 
and  none  of  them  have  so  far  been  shown  to  be  much  superior  to  good  gun- 
metal. 

White  metal  carried  in  a  bronxe  or  cast-iron  shell  is  beyond  doubt  the  best 
bearing  for  both  wrought-iron  and  soft  steel  journals,  and  if  kept  well  lulni- 
cated  Uiere  is  practically  no  wear. 

When  «  bearing  is  of  ample  size,  properly  designed  and  constructed,  well 
lubricated  and  looked  after,  it  may  be  of  almost  any  kind  of  white  metal.     If 
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ttie  be&ring  aur&ce  is  limited  there  is  a  great  difference  id  the  behaviour  of 
different  metals ;  and  if  badly  designed  and  constnicted  even  the  beet  metal 
will  give  trouble ;  but  if  not  properly  looked  after  by  the  engineer,  tJie  best 
metal  and  the  most  careful  design  are  of  no  avail. 

Certain  of  the  white  metals  have  so  far  given  the  beat  results  ae  a  bearing 
surface,  and  there  is  every  reason  for  this,  inasmuch  as  thev  do  not  cause 
abrasion  of  the  shaft,  and  if  their  own  surface  is  injured  it  will  not,  as  a  rule, 
form  into  fine  sand,  and  grind  both  the  surfaces,  as  all  the  bronzes  do  more 
or  less.  When  white  metal  is  used  it  is  highly  important  that  the  shaft 
shall  bear  wholly  on  it,  and  not  partly  on  it  and  partly  on  the  metal  contain- 
ing it,  and  also  that  efficient  courses  for  the  diatributjon  of  the  lubricant  are 
provided. 

There  are  tiiree  common  methods  of  fitting  tlie  white  metal  into  a  setting 
of  other  metal — (1)  By  casting  it  into  oblong  reoesaes  j  (2)  by  casting  it  into 
a  large  number  ta  small  circular  recesses ;  and  (3)  by  driving  in  strips  into 
longitudinal  grooves,  in  the  same  way  as  the  lignum  vits  in  a  stern  bush. 
The  last  plan  is,  on  the  whole,  the  most  satisfactory,  for  the  strips  are  well 
secured,  and  extend  over  the  whole  length  of  Hie  bearing,  leaving  several  oil 
courses  longitudinally,  and  the  shaft  besJs  on  the  white  metal  only ;  this  also 
possesses  the  advantage  that  a  strip  may  be  taken  out,  and  a  new  one  re- 
fitted with  ease,  and  without  heating  the  brass  and  running  the  risk  of  dis- 
torting it.  Cast  iron  is  now  very  often  used  as  a  setting  for  the  white  metal, 
and  answers  the  purpose  verr  well  indeed,  being  much  harder  than  brass,  and 
tiiereby  better  supporting  tiie  softer  metal.  When  cast  iron  is  used  it  is 
generally  made  tmcker  than  when  of  brass;  and  sometimes  advantage  is 
taken  of  this  to  cast  the  shell  hollow,  so  as  to  admit  of  its  being  filled  with 
water. 

The  t^cknesB  of  "brasses"  in  the  crown  depends  principally  on  the 
diameter  of  journal. 

When  of  bronze    -        -        -        -         =010   x  diam.  of  journal -i-O'lOia. 

„       castiron  -        -        -  -^O-IO    x  „  +0-15in. 

When  fitted  with  white  metal  thickness  —0-20   xdiametOT  +015in. 

When  fitt«d  with  white  metal  strips  as  follows : — 
Thickness  of  strips        .        -        •         =  0-04   x  diam.  of  journal  ■>■  i  in. 
Breadth  „  ...         =0-16   x  „  +}  „ 

Space  between  strips    -        •        •        -=  thickness  of  strip. 
Thickness  of  metal  beyond    ■        •         =  0'06fi  x  diam.  of  joum^  when  brass. 
„  .         .         =0-12    X  „  „     iron. 

ColamoB. — ^The  columns  which  support  the  cylinders  of  a  vertical  engine 
are  subject  to  alternate  tensile  and  compressive  stresses  from  the  steam  pres- 
sure in  the  cylinder ;  to  a  steady  compressive  stress  from  tlie  weight  of  the 
cylinders,  Ac. ;  and  to  cross-breaking  stresses  when  the  ship  ia  rolling  and 
pitching.  As  a  rule,  columns,  if  designed  from  considerations  of  strength 
only,  would  not  be  stiff  enough  for  good  working.  The  same  reasons,  there- 
fore, which  decide  the  using  of  cast  iron  for  foundations  strongly  influence 
moat  engineers  to  choose  (£is  metal  tor  columns.  The  front  columns  are 
often  made,  however,  of  wrought  iron  or  steel,  turned  smooth  (wtf  fig,  66); 
and  all  the  columns  for  exceedingly  light  engines  are  made  of  steel  or 
wrought  iron,  well  braced  together  to  prevent  vibration  (vide  fig.  13).  Since 
cast  iron  is  so  superior  to  wrought  iron  or  steel  for  resisting  compression,  and 
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■o  inferior  to  either  for  resisting  tension,  a  good  composite  column  is  fonned 
by  fitting  a  wrought-iron  or  steel  tie-bar  through  a  hollow  cust-iron  column, 
t£e  latter  supporting  the  OTlinder  while  the  former  holds  it  down.  The  chief 
objection,  however,  to  both  this  coim)oaito  column  and  those  of  wrought  iron 
and  steel  for  large  engines  is  the  difficulty  of  getting  good  attachment  to  the 
cylinder ;  and  since  it  must  be  outside  the  cylinder  the  columns  are  neoeo- 
rarily  far  apart,  and  away  from  the  centre  line  of  compound  engines.  To 
avoid  this  difficulty  wrought-iron  and  steel  columns  are  funned  with  a  flange 
at  each  end  like  a  shaftooupling ;  but  even  then  the  atraiu  on  the  cylinder  is 
very  much  concentrated.  Columns  when  of  cast  iron  or  of  cast  steel  (v.  fig.  12) 
are  made  of  various  shapes,  and  no  rule  can  be  laid  down  in  favour  of  any 
particular  form. 

The  columns  should  be  so  arranged  as  to  support  the  cylinders  and  resist 
the  reaction  on  the  foundation.  Some  engineers,  in  thoroughly  efffecting  the 
tatter,  completely  hide  from  view  the  working  parts,  and  make  all  the  bear- 
ings, &c,  very  inaccessible  {v.  fig.  1 1).  They  should  be  so  placed  at  the  cylinder 
bottoms  that  the  piston-rod  centre  is  within  the  lines  drawn  through  the 
extreme  points  of  hack  and  front  columns ;  and  when  there  are  only  two 
columns  to  each  cylinder,  the  front  ones  are  better  to  be  spread  out  some- 
what, so  as  to  act  as  struts  to  resist  any  tendency  to  motion  of  t^e  cylinders 
when  the  ship  is  rolling  and  pitching,  and  so  as  to  leave  tiie  working  parts 
more  open  to  view.  When  there  are  guides  on  both  back  and  front  cMunms, 
or  when  tiia  front  columns  only  have  the  guides,  then  this  is  not  possible. 

Back  columns  are  generally  of  different  form  from  tiie  front  ones,  to  suit 
the  guides  and  bearings  for  the  pump  weigh-shaft  or  levers  when  so  fitted. 

Some  engineers  utilise  the  back  columns  as  exhaust  pipes  to  the  con- 
denser, but  Uiis  is  not  good  practice,  inasmuch  as  the  heat  of  the  steam  causes 
them  to  expand,  and  when  the  guides  for  the  piston-rods  are  on  them  the 
heat  is  conducted  to  them  with  prejudicial  resulta  j  thjii  latter  difficulty  is 
sometimes  overcome  by  placing  the  guides  on  the  front  columns.  It  is  also 
bad  practice  to  expose  any  important  part  of  the  engine  structure  subject  to 
heavy  strain  to  unnecessary  wear,  such  aa  wasting  of  tiie  inner  surfaces  of 
the  casting. 

Galde-platsB. — In  order  to  have  a  sound  and  hard  surface  for  the  piston- 
rod  slidea  or  shoes  to  work  on,  the  guide-plates  should  be  separate  from  and 
secured  to  the  columns;  when  so  fitted  they  also  admit  of  adjustment,  and 
may  be  cast  hollow,  so  as  to  permit  of  a  flow  of  cooling  water  through  them. 
This  is  especially  needful  for  large  quick-running  engines,  where  i£e  speed 
of  piston  is  very  high,  and  any  casual  want  of  lubrication  would  soon  cause 
moflt  serious  damage.  Cast  iron  when  once  worn  smooth  gives  a  splendid 
surface  for  a  slide,  but  if  by  any  mischance  this  surface  sufi'ers  a  litUe 
abrasion,  it  is  most  difficult  to  get  right  again,  and  will  seldom  work  well 
again  until  it  is  replaned,  &a. 

The  face  of  the  guide  plates  should  have  good  oil  courses  cut  on  it,  so 
that  the  lubricant  is  well  distributed,  and  they  should  be  cut  deep  enough 
to  prevent  them  being  choked  witb  the  gluey  deposit  from  the  oU.     Th& 

t>iston-rod  slide  should  always  be  provided  with  a  comb,  which  will  carry  the 
ubricant  from  the  drip-boxes,  and  spread  it  over  the  face  of  the  guide,  which 
may  with  advantage  have  recesses  to  catch  the  oil  so  ^read,  where  it  is 
retained  and  stored  to  trickle  down  at  leisure. 

Framing. — Horizontal  engines  require  a  diflerent  arrangement  of  bed- 
plate and  framing  from  that  of  the  vertical  type.     Trunk  and  return 
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ooonecting-rod  engines  have  no  sole-plate  proper,  a«  the  crlinders  are  con- 
nected to  the  condenser  casting  (fig.  14)  by  A  framea,  which  contain  the 
main  beuings  ;  the  trunk  engine  required  no  guides,  and  those  for  the  cross- 
heads  of  the  return  connecting-rod  engine  are  on  each  side  of  the  condenser. 
These  frames  must  be  sufficiently  strong  to  take  the  whole  strain  from  the 
pistons,  and  stiff  enough  to  remain  rigid  under  those  strains,  or  the  crank- 
shaft will  be  liable  to  distortion.  The  usual  form  approximates  to  the  letter 
A,  the  two  feet  being  connected  to  the  cylinder  fron^  one  at  top  and  one  at 
bottom,  in  line  with  the  brackets  on  which  the  cylinder  sits,  and  by  which 
it  is  secured  to  the  seatings  in  the  ship.  Projecting  feet  should  be  cast  on 
the  cylinder  front  to  meet  those  of  the  frames,  so  that  the  connection  may  be 
made  with  driven  bolts. 

Side  stability  is  obtained  for  the  frames  by  splaying  out  their  feet  aide- 
ways,  and  by  making  them  with  a  broad  base,  well  stiffened  by  webs  and 
fiUets. 

Usually  there  were  only  three  frames  to  a  two-cylinder  engine,  and  four 
hames  to  a  three-cylinder  engine,  the  middle  ones  being  very  mudi  stronger 
than  the  other  two,  as  they  were  required  to  take  part  of  the  strain  ctf  both 
engines. 

The  brasses  should  be  fitted  so  that  the  centre  line  through  them,  instead 
of  being  horisontal  in  the  transverse  plane,  should  be  at  an  angle  with  the 
horizontal  line,  whose  tangent  is  eaual  to  the  weight  of  half  the  shaft, 
divided  by  the  mean  pressure  on  tue  crank-pin ;  and  for  convenience  of 
fitting  in  and  removal  of  the  shaft,  some  engineers  incUne  them  more  than  is 
given  by  this  rule.  There  was  of  necessity  a  somewhat  weak  connection 
between  the  frames  and  the  condenser  casting,  and  although  this  was  not  of 
serious  consequence  in  the  trunk  engine,  it  was  often  a  cause  of  trouble  in 
the  return  connecting-rod  engine,  and  every  care  should  be  taken  to  make  it 
as  secure  and  rigid  as  possible,  and  the  utmost  pains  taken  to  have  a  strong 
and  rigid  seating  under  the  frames,  which  shall  so  stiffen  the  ship  and  engine 
as  to  prevent  the  crosshead  guides  and  piston-rods  from  getting  out  of  line 
with  one  anotiier. 

Horizontal  directacting  engines  have  a  sole-plate,  which  connects  the 
cylinders  to  the  condenser  costing,  and  contains  the  guides  for  the  piston- 
rods,  and  the  brackets  for  the  main-bearings ;  these  latter  are  usually  stayed 
to  the  cylinder  tops  by  tie-bars  tlirough  cast-iron  struts  or  by  steel  tie-rods 
only. 

The  framing  for  diagonal  paddle-wheel  engines  is  made  somewhat  on  the 
same  principle  as  that  for  tlie  horizontal  screw-engine,  with  modificationa 
(fig.  7)  to  suit  the  altered  conditions.  The  main  part  of  these  frames  must 
extend  from  the  cylinder  to  shaft  and  down  again,  so  as  to  form  a  support 
for  the  latter,  and  having  guides  for  the  piston-rod  crossheads.  Intermediate 
supports  or  columns  connect  this  main  frame  to  the  foundation.  It  is  now 
usual  to  make  these  frames  of  wrought-iron  or  steel  bars  {vide  fig.  9),  and  for 
some  very  light  draught  steamers  of  large  power  frames  made  of  steel  angles 
and  plates  have  been  found  considerably  lighter  than  the  ordinary  cast-iron 
frames,  and  can  be  designed  to  add  materially  to  the  stifhieas  and  strength 
of  the  ship  in  the  neighbourhood  of  the  machinery.  A  modified  form  of  tiiis 
kind  of  frame  is  imperative,  when  exceedingly  light  drau^t  is  a  necessity, 
as  the  hull  is  so  light,  to  comply  with  the  requirements,  as  to  be  unable  by 
itself  to  stand  the  racking  strains  from  the  engines. 

£ven  when  weight  is  of  secondary  consideration,  the  wrought-iron  or  steel 
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frame  is  preferable  to  the  cast  iron,  and  when  the  cost  of  pattema  is  token 
into  aocoont,  it  is  no  more  eTpensive.  The  beanng§  for  me  shaft,  and  the 
gnide-platee  for  crossheada,  are,  of  course,  of  cast  iron  or  cast  steel  fitted  to 
tlie  wronght-iron  work  direct. 

Side  stifiness  and  stability  ore  obtained  hj  connecting  tlie  four  frames 
by  wrought-iron  tie-bars  through  tbe  top  (fig.  8),  and  by  the  main  beam 
before  the  shaft  The  main-bearinga  for  the  ^aft  ot  a  diagonal  engine  are 
sometimes  so  set  that  the  shaft  can  be  lifted  vertically ;  but  a  bett«r  plan  is 
to  set  tbem  at  a  slight  angle,  bo  that  their  centre  line  is  in  the  direction  ot 
tbe  rtsuUatU  ot  the  weigM  of  shaft,  &c.,  and  mtan  preuurt  on  lh«  joumaU 
due  to  tbe  thrust  on  the  oounecting-rod. 

Entablature  of  OscillaUsg  and  Steeple  Engines. — This  is  usually  of  cast 
iron,  but  may  witb  advantage  be  made  of  wrought  iron,  or  steel  plates  and 
angles,  or,  better  still,  of  cast  steel,  as  the  strains  on  it  from  the  overhung 
cranks  are  severe  and  oonceotrat«d  owing  to  iia  being  supported  at  so  few 
points.  It  was  no  nnoommon  thing  to  find  it  broken  and  patched  after  a  few 
weeks'  work,  and  very  few  of  uiem  work  without  a  certain  amount  of 
vibration,  which  must  tend  to  produce  rupture  in  course  of  time. 

lb  is  usually  supported  (fig.  6)  by  four  columns  to  each  crank,  and 
additional  stif&teas  and  stability  are  imparted  by  diagonal  cross  braces  to  the 
foundation  at  each  end.  It  is  seldom  possible  to  place  the  supporting 
columns  in  line  with  the  main  girders  of  Uie  entablature,  but  when  possible 
this  should  always  be  done,  so  as  to  avoid  tbe  canting  action  which  is  caused 
by  the  centre  of  aucport  not  being  in  the  same  plane  with  the  centre  of  force 
on  tbe  journals.  When  this  is  not  possible,  the  sides  of  the  entablature 
connecting  the  main  girders  or  rockers  should  be  of  eztia  atiflness,  and  well 
connected  to  them  by  spreading  out  webs  or  fillets.  Special  advantage 
idionld  also  be  taken  of  the  main  beams  of  tbe  ship,  to  form  a  powerful  tie 
to  tbe  entablature  girders,  and  to  prevent  tiieir  tendency  to  canting.  This 
can  be  done  generally  by  multiplying  the  number  of  the  bolts,  and  fitting 
cast-iron  filling  pieces  in  lieu  of  hardwood  ones  only.  Tbe  bottoms  of  the 
cross-bearers  should,  when  possible,  be  tied  together  oy  bars  parallel  with  the 
ctsnk-sbaft  to  keep  tbem  from  "  giving  "  or  twisting.  In  the  case  of  steeple 
enginee  die  thrust  of  the  connecting-rod  on  tbe  guides  caused  great  stress  on 
tbe  entablature  and  framing,  and  necessitated  di^;onal  ties  between  it  and  the 
foundation.  The  horizontal  force  in  an  oscillating  engine  also  pats  cross 
strains  on  the  entablature  which  tbe  ordinary  columns  are  not  fitted  to  resist, 
hence  the  diagonal  cross  frame  which  Penn  generally  fitted. 

To  resist,  as  far  as  possible,  the  tendency  to  spring,  the  supporting 
columns  should  be  of  extra  size,  with  strong  and  broad  flanges. 

When  there  are  four  supporting  columns  of  wrought  iron  or  st«el,  their 
diameter  in  the  body  should  be  0'7  the  diameter  of  the  piston-rod,  and  at 
each  end  0-55. 

The  collars  or  flanges  on  which  the  entablature  is  carried,  should  be  equal 
in  diameter  to  thai  of  the  piston-rod,  and  0*2  the  diameter  of  the  piston-rod 
in  thickness. 

If  the  columns  happen  to  come  in  line,  or  nearly  so,  with  the  centre  of 
shaft  journal,  they  may  De  10  per  cent,  less  in  diameter  than  given  above. 
Tbe  breadth  of  tbe  rockers  should  be  not  less  than  the  diameter  of  tbe  shaft 
journals,  and  the  depth  at  the  centre  should  be  calculated  as  for  a  box-girder, 
subject  to  sudden  loads  applied  at  the  middle  of  its  length,  which  is  pleasured 
from  column  to  column. 
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Booghly  KMAking,  &&  deptli  of  the  rocker  under  ttie  bearine  brass  shoold 
not  be  less  than  fonr  timee  tihe  diameter  of  the  piston-rod  for  engines  <rf 
ordinary  dimensions. 

Tba  tticlmeiis  of  metal  of  sidee  of  rockers 

E>  0'4  s/  diameter  t£  piaton-rgd. 

Thiokoeas  ol  top  and  bottom  =  0-6  ■/  diameter  c^  piston-rod. 

The  bottom  braaaeB  of  the  main  bearings  should  be  round,  so  that  the 
reoessea  for  them  may  tend  to  Btrengtben  the  rockers  rather  than  weaken 
them,  as  would  be  the  case  if  8<}aare-bottomed. 


CHAPTER    XI. 

THB  OOKDBNSBB. 


The  function  of  the  condenser  is  bo  to  cool  down  the  exhaust  steam  as  to 
reduce  its  pressure  to  a  minimum,  and  in  doing  this  the  steam  ia  converted 
into  water.  The  very  early  engines  could  only  work  by  the  aid  of  oondena^ 
tion,  as  the  steam  with  which  they  were  supplied  was  generally  of  a  lower 
pressure  than  the  atmosphere ;  it  is,  in  fact^  owing  to  this  that  the  steam- 
engine  owes  its  birth,  for  steam  was  preferred  by  the  early  mechanicians 
bemuse  it  was  so  readily  changed  from  a  gas  to  a  liquid,  and  so  produced 
that  vacuum  which  Nature  was  supposed  to  abhor,  and  to  fill  which  she 
would  do  the  work  of  horses.  The  exact  relation  of  the  condenser  is  better 
onderstood  by  following  the  early  history  of  the  steam-engiDe  from  the  day 
when  the  cooling  water  was  admitted  to  the  cylinder  after  the  steam,  and 
then  allowed  to  run  freely  away  from  the  bottom  on  the  descent  <^  the 
piston,  to  the  time  when  Watt,  having  perceived  the  waste  of  energy  in 
always  forcing  the  piston  up  against  the  atmospheric  pressure,  and  in  admiU 
ting  the  hot  steam  into  the  cold  cylinder,  mode  the  engine  double  acting,  and 
effected  the  condensation  in  a  separate  chamber.  The  jet  of  water  continued 
long  after  Watt's  time  as  the  means  of  cooling  the  steam,  and  gave  in  later 
days  the  distinguishing  n&me  to  the  condenser,  which  is  now  nearly  entirely 
superseded  by  a  more  perfect  apparatus. 

The  ConunoD  or  Jet  Condenser,  now  really  uncommon,  consists  essentially 
of  an  air-tight  chamber,  into  which  the  steam  flows  from  the  cylinder  after 
having  been  exhausted  of  its  available  energy ;  the  passage  of  the  steam  is 
intercepted  by  a  spray  of  water,  caused  by  the  inrush  of  water  through  small 
holes  or  narrow  slits  in  a  pipe  placed  across  the  ateamway.  If  the  spray  is 
fine,  like  a  shower  of  rain,  it  mixes  mechanically  with  the  steam,  as  well  ss 
cools  it  by  surface  contact ;  should  the  pipe  have  sUts,  so  as  t>o  cause  the 
water  to  flow  in  thin  broad  streams  like  ribbons,  the  cooling  ia  principally 
effected  by  surface  contact.  The  result  in  either  case  is  the  turning  of  the 
steam  into  water,  which  falls  to  the  bottom,  and  is  pumped  away  by  the  ovr- 
pomp.  It  might  be  supposed  that  the  mere  turning  of  the  steam  into  water, 
thereby  causing  it  to  occupy  far  less  space,  will  cause  the  vacuum  in  the  con- 
denser ;  it  does,  but  to  so  slight  an  extent  and  of  such  an  evanescent  nature, 
that  unless  some  other  means  were  at  hand,  the  condenser  would  be  useless, 
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Water  readily  absorbs  air  whea  freely  exposed  to  the  atmospbere,  and  gives 
it  up  again  on  being  heated.  The  feed-wat«r  contains  air,  which  beoomei 
mechanically  mixed  with  the  steam  in  the  boiler,  and  paaaea  with  it  through 
its  varioos  passages,  until  it  eaters  the  condenser,  when  it  parts  company  with 
it,  and  remains  as  cooled  air  after  the  steam  is  converted  to  water.  The 
coolins  water  also  contains  air,  and  readily  gives  some  of  it  np  on  becoming 
heated  by  the  exhaust  steam,  especially  under  the  diminished  pressure  of  the 
condenser.  After  a  few  strokes  of  the  piston  a  sufScient  amount  of  air  will 
be  accumulated  to  raise  the  pressure  to  that  of  the  atmosphere,  and  although 
the  condenser  may  be  kept  quite  cool  there  will  be  no  vacuum,  but  we 
reverse.  The  pump,  therefore,  which  exhausts  the  condenser  draws  away  the 
air  as  well  as  uie  water,  but  since  the  latter  could  run  away  by  gravity,  it  is 
only  the  former  which  is  of  necessity  pumped;  hence  this  pump  is  rightly 
named  the  air-pump. 

The  ihape  of  a  jet  condenser  is  immaterial  so  long  as  the  inlet  for  tiie 
steam  is  high  enough  to  prevent  the  water  running  back  into  the  cyhnder, 
and  the  bottom  so  formed  that  the  water  will  all  drain  into  the  air-pump 
bottom.  It  is  generally  formed  to  suit  the  ship  and  the  working  parts  of  the 
engine,  and  was  often  a  part  of  the  engine  framing ;  the  back  columns  of 
vertical  engines  were  often  utilised  for  tiie  purpose,  and  did  extremely  well, 
except  that  occasionally  rapid  corrosion  so  weakened  them  as  to  become 
dMigerons.  The  frames  of  the  horizontal  engines  were  arranged  by  some 
engineers  to  do  duty  for  condenser,  until  ttie  Admiralty  finally  forbade  the 
practice. 

The  eapaeiiy  of  the  jet  condenser  should  not  be  less  than  one-fourth  that 
of  the  cylinder  or  cylinders  exhausting  into  it,  and  need  not  be  more  than 
one-half  of  it,  unless  the  engine  is  a  very  quick  running  one ;  one-third  the 
capacity  is  generally,  however,  sufficient.  The  objection  to  a  large  condenser, 
beytmd  its  cost  and  weight,  is  that  a  longer  time  is  necessary  to  form  a  good 
vacuum  in  it ;  and  the  objection  to  a  small  condenser  is  its  liability  to  flooding 
and  overflowii^  to  the  cylinders,  unless  the  engineer  is  most  attentive. 

The  amount  of  ii^ection  water  depends  on  the  toeigfU  of  steam  to  be  con- 
densed and  Ht  temperatttre  ;  the  eaxKt  quantity  of  water  per  pound  of  steam 
depends  on  the  tetnperatares  of  the  steam,  of  the  cooling  water,  and  of  the 
"hot-well,"  or  receptacle  into  which  the  air-pump  delivers  the  products  of 
Uie  condenser.  As  the  supply  of  water  to  fiie  boilers  (called  the  ,^Mf- water) 
is  taken  from  the  hot-weU,  and  it  is  an  obvious  advantage  for  it  to  be  as 
warm  as  possible,  the  cooling  water  used  is  only  snch  as  sufficient  to  produce 
a  good  vacuum.  With  the  jet  condenser  a  vacunm  of  24  inches  was  considered 
fairly  good,  and  26  inches  as  much  as  was  possible  with  most  condensers; 
the  temperature  corresponding  to  34  inches  vacuum,  or  3  lbs.  pressure  abso- 
lute, is  140°.  In  actual  practice  the  temperature  in  the  hot-well  varies  from 
110°  to  120*,  and  occasionally  as  much  as  130°  is  maintained  by  a  careful 
engineer.  To  find  the  quantity  cf  injection  water  per  lb.  of  steam  to  be  con- 
densed: 

Let  T,  be  the  temperature  of  the  steam  whose  latent  heat  is  L ;  Tg  the 
temperature  of  the  cooling  water,  whose  quantity  in  lbs.  is  Q ;  T,  the  tem- 
perature after  condensation,  or  that  of  the  hot-wall. 
The  total  heat  of  the  steam  =  T^  +  L. 

The  beat  absorbed  by  the  cooling  water  will  be  (T^  +  L)  -  T^ 
But  the  heat  absorbed   by  the   cooling  water  is  also   represented   by 
Q(T,-T^.    Hence 

16         I 
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(T,  +  L)  -  T,  -  <1<T,  -  TJ. 
Or 

Q  =  <T,  +  L)  -  T,  +  (T,  -  Ta). 

Now  (T,  +  L)  -  T,  ifl  eqnivilent  to  the  total  heat  of  evaporataon  from 
T,  ud  at  T,,  and  U  tfcoMfore  equal  to  966'  +  0-7  x  213*  +  0-3  x  T,  -  T^ 
Or 

Q  {T,  -  To)  -  1114*  +  0-3  X  T,  -  Ty 
Therefore 

1114*  +  OS  X  T,  -  T, 


Q-- 


-To 


Bxamph. — To  find  the  amount  of  injection  water  required  for  an  engine, 
&e  steam  at  exhaust  heing  at  a  pressure  of  10  lbs.  absolute^  the  temperature 
ctf  the  sea  is  60°,  and  it  is  required  to  keep  tJie  hot-well  at  120°. 

The  temperature  oorrespooding  to  10  lbs.  is  193*. 


120"  -  60* 

That  is,  the  amount  of  injection  water  is  17-K3  times  the  weight  of  steam 
for  this  particolar  case. 

The  allowance  made  for  the  injection  water  of  engines  working  in  the 
temperate  Eone  is  usually  27  to  30  times  the  weight  of  steam,  and  for  the 
tropics  30  to  36  times ;  30  times  is  suffident  for  ships  which  are  occa- 
sionally in  the  tropica,  and  ibis  is  what  was  usual  to  allow  for  general 
traders. 

The  Area  of  iqjectioQ  orifloe  and  size  of  pipes  is  governed  by  the  head 
of  water,  vacuum,  and  length  of  piping,  or,  in  ouier  words,  by  the  eqnivcUmt 
head  at  the  condenser. 

N^lecting  the  resistance  to  flow  at  the  orifice,  and  in  die  pipes  and 
passages,  the  velocity  at  the  condenser  may  be  found  as  follows : — 

Let  h  be  the  head  of  water  above  the  valve  on  the  condenser  in  feet,  p 
the  pressure  in  the  condenser,  and  \  the  equivalent  bead  g  for  gravity, 

Aj  -  A  +  (ID  -  ;>)  2-3, 

and  velocity  in  feet  per  second  =  JigKl  -  8-026  sfK^ 

Example. — To  find  the  theoretaoal  velocity  of  flow  into  a  condenser  in 
which  the  vacuum  is  26  inches,  and  Hm  orifloe  13  feet  below  the  water-line 
of  the  ship.    Here 

A,  .  12  +  (Iff  -  2)  3-S  -  43  feet 
Then  ^ 

velocity  «=  8026  VI3  -  53  feet  per  second. 

In  practice  owing  to  loss  of  head  due  to  resiatanoe  at  valves  in  the  pipes, 
Ac,  the  actual  velocity  is  only  about  half  l^at  given  by  the  above  rule. 
Hence,  in  designing  it  is  usual  to  calculate  on  a  velocity  of  only  25  feet  per 
second  for  ahallow  draught  steamers,  and  30  for  deeper  ones. 

From  these  rules,  and  with  auch  allowances,  the  following  holds  good  ; — 
Area  of  injection  orifice  in  square  inches  -  number  rf  cubic  feet  trf 
injection  water  per  minute  -i-  10-4  to  13'6  according  to  droumstaDoee,  or 
-  weight  of  injection  water  in  pounds  per  minute  -;-  650  to  780. 


SnllFAOl  OOKDBKSER.  SS7 

A  rongh  rule  sometimes  used  is — 

Allow  one-fifteenth  of  a  sqaore  inch  for  every  onbio  foot  of  water  con- 
densed per  hour.    And  another 

Area  of  injection  orifice  »  area  of  piston  -i-  360. 

^e  injection  valve  is  usually  a  simple  slide  or  sluice  valve,  which  is 
readily  opened  or  shut,  and  regulates  the  amount  of  water ;  for  iMve  engines 
the  valve  should  be  of  the  gridiron  type,  to  avoid  large  travel.  !^e  huidle 
or  lever  for  working  the  injection  valve  must  be  very  near  the  starting  gear, 
80  that  the  water  may  be  shut  off  aa  soon  as  the  engine  stops. 

Snifting  ValYe. — It  is  usual  to  fit,  near  the  bottom  of  the  condenser,  a 
non-retnm  valve,  through  which  the  water,  &c,  may  run  or  be  blown  out  by 
8t«am ;  it  shuts  by  its  own  weight,  and  is  pressed  on  its  seat  by  the  pressure 
of  the  atmosphere.  This  is  called  the  tni/Hng  valve,  and  it  allows  of  the 
condenser  being  emptied  of  water  and  air  by  steam  before  starting  the 
engine,  and  likewise  prevents  the  pressure  in  the  condenser  exceeding  that 
of  the  atmosphere  to  such  an  extent  as  to  be  dangerous  in  case  of  mishap 
with  the  injectioD  water.  The  valve  through  which  the  steam  is  admitted  is 
called  the  blow-throut/h  valve,  and  was  a  simple  mushroom  valve,  raised  by 
meuis  t^  a  lever,  and  closed  by  the  steam  pressure  on  the  lever  being  released. 

The  snifting  valve  was  usually  exposed  without  a  casing,  so  as  to  be 
easily  inspected  or  removed  in  case  of  being  gagged  with  dirt,  &G. ;  to  prevent 
the  water  from  being  spurted  about  the  engine-room,  the  valve  was  formed 
with  a  curved  rim,  which  completely  covered  and  overhung  the  seat  like  an 
inverted  saucer. 

The  internal  injection  pipe  or  rote  should  be  placed  down  below  the  flow 
of  steam,  so  that  the  cooling  water  may  pass  twice  through  the  steam. 

Bilge  Ii^edioD. — A  second  injectioa  valve  is  fitted  to  the  condenser,  whi(^h 
admits  water  from  the  bilges,  and  is  used  in  case  of  leakage  of  the  hull.  This 
was  no  uncommon  occurrence  in  the  old  wooden  paddle-boats  and  the  full- 
powered  screwships,  so  that  this  valve  was  often  the  means  of  saving  the  ship. 

The  area  of  tlus  valve  should  be  the  same  as  that  of  the  sea  injection,  but 
it  was  usually  only  about  two-thirds  of  the  latter ;  Uie  reduction  in  area  was 
partly  due  to  the  shorter  pipes  and  straight  leads,  aa  compared  with  those  of 
the  sea  injection. 

The  tcul  pipe  of  the  bilge  injection  was  either  stopped  at  the  end  and  had 
a  number  of  small  perforations,  or  was  fitted  with  an  efficient  rose-box  or 
basket. 

Sorbce  CondflOBer. — It  has  been  seen  that  witli  jet  condensation  the  con- 
tents of  the  hot-well  consist  of  a  mixture  of  sea  water  and  condensed  water 
in  the  proportion  of  about  30  to  1,  so  that  the  water  available  for  feeding  the 
boiler  is  very  nearly  as  salt  as  aea  water.  If  the  cooling  water  is  kept 
separate  from  the  condensed  steam,  the  latter,  which  is  pure  water,  may  be 
used  as  feed  water.  The  idea  is  by  no  means  a  new  one,  since  so  far  back  as 
1794  Cartwright  took  out  a  patent  for  an  engine,  in  which  the  steam  was 
condensed  on  the  cold  surfaces  of  two  metal  cylinders  placed  one  within  the 
other,  and  having  cold  water  through  the  inner  one  and  about  the  outer. 
An  engine  was  made  on  this  patent,  and  is  said  to  have  given  great  satis- 
faction. Brunei,  in  1822,  took  out  a  patent  for  the  same  object;  his  inven- 
tion was  designed  more  especially  for  ships,  and  consisted  of  groups  of  small 
tnbes.  In  1833,  L.  Herbert  and  J.  Don  patented  an  arrangement  whereby 
"  the  air  and  stoam  from  the  eduction  passage  is  di««n  by  a  fan  through  or 


338  MAHTTAL  or  HARINI  BNanfEBRINd. 

unong  small  tubes,  so  as  to  be  oondenaed.  The  tubes  ma;  be  below  the 
water."  In  1835,  W.  Symingtoti  patented  a  plan  "  for  condensing  the  st«am 
from  the  cylinder,  and  cooling  the  snrplos  water  from  the  air-pump,  by 
tubes  laid  along  the  keel  exposed  to  water  outside  a  steam  vessel."  In  1838, 
J.  B.  Humphreys  took  out  a  patent  for  "  surface  condensation  by  leading 
the  steam  mrough  tubes  in  a  vessel  kept  oold  by  a  flow  of  water."  In  1850, 
J.  Biden  claims  as  his  invention  a  plan  wherebv  "  the  steam  is  condensed  by 
passing  through  tubes,  which  are  led  outside  ute  vessel  or  through  passages 
inside,  kept  cool  by  a  flow  of  sea  water,  and  the  condensed  fresh  water  is 
used  for  the  boiler."  It  is  even  stated  that  Jamea  Watt,  among  many 
others,  used  a  surface-condenser  at  one  time ;  but  the  practical  success  (^ 
this  mode  of  condensation  is  chiefly  due  to  Mr.  Samuel  Hall,  with  whose 
name  the  surfaoe-condenser  is  geoually  and  properly  associated.  He  took 
out  a  patent  in  1831   for  a  system  of  surf  ace-condensation,  and  in  his 

rificstion  claims,  among  other  things,  to  condense  the  waste  steam  firom 
safety-valves,  and  to  distil  fresh  water,  to  make  up  loss,  by  an  apparatus, 
in  principle  similar  to  the  distillers  of  to-day.  One  of  the  first  ships  fitted 
wiUi  Hall's  condenser  and  appurtenanoes  was  the  "  Sirios,"  which  made  the 
first  voyage  under  steam  from  England  to  America  in  1838.  In  1837 
engines  were  made  for  the  "  Wilberforce,"  fitted  with  Hall's  condenser, 
and  it  is  interesting  to  note  that  these  engines  had  piston  valves,  •kc., 
pretty  much  as  now  used.  It  was  not,  however,  till  1860  that  the 
surface-condenser  came  into  general  use,  and  then  only  slowly;  indeed, 
it  was  not  until  mineral  oil  was  used  exclnsively  for  internal  lubrication  that 
troubles  from  surface-condensation  ceased.  In  Hall's  condensers  the  steam 
passed  through  the  tubes  and  the  circulating  water  outside  them ;  had  the 
cooling  water  gone  through  the  tubes  it  is  highly  probable  they  would  not 
have  "choked  with  mud  and  sand"  and  been  condemned,  as  they  were  in  the 
case  of  the  "  Wilberforce  "  in  1 841. 

Condenser  Tabes, — It  is  essential  that  the  sorfaoe  on  which  the  steam  is 
to  be  condensed  should  be  metallic,  because  the  material  separating  the  steam 
from  the  cooling  water  must  be  thin  and  a  good  conductor  of  heat,  strong 
enough  to  resist  the  pressure  of  the  water  on  it,  amounting  to  at  least  16  lbs. 
per  square  inch,  and  capable  of  experiencing  sudden  changes  of  temperature 
without  fracture. 

The  circular  section  being  beet  suited  to  resist  both  internal  and  external 
pressures,  tubes  were  naturally  chosen  as  the  means  of  separating  the  steam 
from  the  water,  and  these  tubes  admit  of  a  very  large  amount  of  surface  in  a 
small  space. 

Copper,  being  one  of  the  best  conductors  of  heat,  was  at  first  chosen  as 
the  materiid  from  which  to  make  the  tubes,  and  being  highly  ductile,  these 
could  be  drawn  oat  very  thin  indeed.  But  it  was  soon  found  that  the  adds 
derived  from  the  fatty  matter  from  the  cylinders  dissolved  some  <^  the 
copper,  and  produced  soluble  salts  of  that  metal,  which  were  pumped  into 
the  boiler  with  the  feed-water,  and  there  caused  great  injury  to  the  iron 
surfaces.  This,  for  a  time,  gave  the  surfacenxindenser  a  bod  repute,  as  it 
was  found  that  the  amount  saved  by  them  was  exceeded  by  that  repre- 
senting wear  and  tear  of  the  boilers.  This  was  eventually  obviated  by 
having  ihti  copper  tubes  coated  with  tan,  and  by  discontinuing  the  use  <^ 
iallow  in  tiie  cylinders.  But,  notwithstanding  this,  the  boilers,  especially 
those  in  H.M.  Navy,  showed  signs  of  premature  decay,  such  as  was  not 
customary  with  those  receiving  water  from  a  jetKX)ndenaer.     It  was  fonnd 
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to  be  due  to  the  highly  oorrouve  power  of  redistilled  water  on  the  bare 
soiface  of  the  iron,  and  to  the  impoesibility  of  keeping  a  protective  scale  on 
the  anrfaces  when  such  water  was  used ;  later  reaearch  has  shown  also  that 
some  gases  which  entered  the  boiler  with  the  original  water  cAwnteo/^  m>»i- 
Inrted  with  bases,  which  kept  them  comparatively  innocnons,  were  freed,  and 
came  back  tnaehanioaUy  mixed  with  the  feed-water  from  the  hot-well,  capable 
of  lughly  deatmctive  action  on  iron-surfaces. 

Copper  tubes  were,  of  course,  expensive,  and  the  tinning  added  to  their 
cost  as  much  as  20  per  cent,  thereby  rendering  tiie  first  cost  of  a  surface- 
condenser  a  considerable  addition  to  that  of  the  engine.  In  1860  brass  tubes 
had  long  been  used  for  boilers,  and  as  this  material  was  very  ductile,  and 
its  galvanic  action  on  iron  almost  nothing,  it  was  tried  as  a  substitute  for 
copper  in  the  manufacture  of  condenaer-tubes  with  at  first  mixed  success, 
the  want  of  complete  success  beingpartly  due  to  want  of  care  in  maou- 
facture,  and  partly  to  prejudice.  The  partial  success  has  since  become  a 
complete  saccess,  and  all  condenser- tubes  are  now  made  of  brass. 

The  Admiralty,  and  consequently  all  foreign  governments,  require  the 
brass  tubes  to  be  tinned  when  the  condenser  is  of  iron,  and  some  of  Uie  large  . 
steftmahip  companies  also  continue  this  practice,  but,  as  a  rule,  in  tike  mer- 
cantile marine,  the  tubes  are  nntinned.  The  tinning  adds  l4d.  per  pound 
extra  to  the  cost  of  tiie  tabes,  and  amounts  to  an  increase  of  lb  per  cent. ;  it 
is  not  necessary,  but  is  only  an  additional  safeguard  against  the  formation  of 
copper  salts  on  the  one  hand,  and  to  tiie  corrosive  action  of  aea-water  on  the 
other.  Brass  tabes,  untinued,  after  twelve  years'  constant  oae,  have  been 
found  on  being  cleaned,  to  be  nearly  as  good  as  when  new ;  on  the  other 
band,  brass  tubes  have  pitted  badly,  and  in  places  been  perforated  in  a  few 
months  from  causes  practically  unknown.  It  is  conjectured  that  galvanic 
action  has  set  up  from  iron  filings,  carried  on  to  the  tube  surface  by  the 
■team  or  circulating  water,  causing  a  separation  of  the  copper  and  zinc  and 
the  dissolving  away  of  the  latter.  Microscopic  examination  will  probably 
throw  much  light  on  this  theory,  and  eventually  clear  up  what  is  now  some- 
what of  a  mystery.  As  the  condensers  of  warships  are  now  always  made  of 
brass,  the  tubes  are  nntinned,  but  the  Admiralty  require  the  addition 
of  1  per  cent,  of  tin  to  tiie  mixture  of  copper  and  zinc,  and  this  oompositioa 
does  not  pit  or  corrode. 

As  will  he  shown  later  on,  the  loss  from  blowing  off  tiie  boilers  to 
prevent  dangerous  incrustation  when  fed  from  the  hot-well  of  a  jet-con- 
denser, amounted  to  as  much  as  25  per  cent.,  and  seldom  less  in  general 
pradaoe  than  12  per  cent  This  loss  is  almost  wholly  avoided  by  the  use  of 
a  surface-condenser,  and  an  additional  saving  ot  no  mean  importance  is 
effected  in  avoiding  the  necessity  of  so  often  stopping  to  scale  and  dean 
out  the  boilers,  as  was  the  case  when  jet-condensers  were  used.  The  net 
lamng  of  fiul  by  the  use  of  a  surface-condenser  averages  15  per  cent.;  and 
in  the  hands  of  a  careful  engineer,  the  economy  may  be  ^tended  to  even 
20  percent 

Just  as  30  or  3d  lbs.  pressure  is  the  limit  for  which  a  box  boiler  may  be 
safely  and  conveniently  constructed,  so  that  is  the  limit  at  which  a  boiler  can 
safely  supply  st«ain  to  a  jet-condensing  engine  using  sea-water.  When  sea- 
water  is  raised  to  a  temperature  of  280'  Fahr.,  which  corresponds  to  a  pressure 
of  50  Ihfi.  absolute,  or  36  lbs.  above  the  atmosphere,  what  are  called  its 
intoiuble  taiu  are  wholly  precipitated,  and  form  a  hard  scale  on  the  hot 
aorfacea.    The  principal   insoluble  salt  in  sea-water  (v.   Chapter  xxr.)  u 
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sulphate  of  lime ;  it  is  called  insoluble,  because  it  does  not  dissolve  in  water 
under  ordinsjy  drcnmstances,  and  oonsequentl;  when  deposited  on  the 
surface  of  the  tubes,  Ac.,  will  not  redissolve  and  wash  off  ag&in.  The  car- 
bonate of  lime,  and  the  salb  of  soda  and  magnesia,  are  comparatively  harm- 
less, for  although  the  former  is  precdpitated,  it  is  only  in  a  soft  muddy  state, 
and  mixed  with  Uie  brine  prodncts  of  the  latter  can  oe  blown  off,  and  easily 
removed  from  the  boiler  when  in  port.  It  is  for  this  reason  that  a  surfiace- 
condenser  is  an  imperative  necessity  for  engines  using  steam  above  35  lbs. 
pressure,  or  fiO  lbs.  absolute. 

'For  the  same  reason  it  is  advisable  to  fit  a  surfao&vondenser  to  steamers 
running  in  muddy  rivers,  or  on  lakes  whose  water  is  dense,  as  otherwise  the 
boiler  soon  fills  wiUi  deposit,  which,  unless  removed  and  the  boiler  Uioroughly 
cleaned,  will  canse  serious  damage^  and  be  a  source  oi  danger  as  well  as  a 
constant  cause  ci  priming. 

It  is  seen,  then,  that  by  the  use  of  a  surfooe-oondenser  steam  of  higher 
pressure  than  BO  lbs.  absolute  may  be  employed ;  a  considerable  saving  of 
fuel  and  time  is  effected ;  and  there  is  considerably  less  risk  of  burning  and 
otlierwise  d'Huaging  the  boiler.  A  better  vacuum  is  also  obtained  in  it,  as  a 
J  rule,  than  was  possible  with  the  jet-condenser.  On  the  other  hand,  a  surface- 
condenser  is  heavier,  more  costly,  and  occupies  more  space  than  the  jet- 
condenser  ;  a  second  pump  for  the  cooling  water  is  necessary,  and  although 
the  air-pump  need  not  be  so  large  as  for  a  jet-condenser,  it  was  often  mode  so 
in  case  the  jet  was  used  or  the  tubes  leak.  The  wear  and  tear  and  the  store 
account  are  increased  somewhat  when  there  is  a  surface-condenser,  and  more 
care  and  responsibility  are  laid  on  the  engineers ;  but  these  are  mere  trifles 
compared  with  the  benefits,  and  are  only  mentioned  now  as  examples  of  the 
reasons  used  by  the  opponents  of  Mr.  Hall's  system  in  the  bitter  controversy 
that  raged  in  the  forties  of  last  century,  and  prevented  the  general  adoption 
of  it.  For  sea-going  vessels  the  surfaoeHwndenser  is  indispensable  and  always 
fitted,  but  in  very  fast  ships  on  short  voyages,  where  weight  of  machinery 
was  of  more  consequence  than  economy  of  fuel,  and  where  ^e  weight  of  ooal 
carried  is  small,  the  jet-condenser  was  often  retained.  Now,  however,  even 
these  ships  are  fitted  with  surface-condensers. 

Cooling  Surface. — Professor  Bonkine  suggested  the  following  as  a  means 
of  ascertaining  the  amount  of  cooling  surface: — Let  I  denote  the  temperature 
of  a  film  of  liquid  at  one  side  of  a  metal  plate,  «,  the  extent  of  cooling  sur- 
face; let  heat  be  communicated  to  the  liquid  at  a  temperature  t  bv  some 
such  process  as  the  condensation  of  steam,  and  let  that  bo  abstracted  by  the 
flow  of  a  current  of  air,  water,  or  other  fluid,  in  contact  with  the  metal 
plate ;  the  weight  of  fluid  which  flows  past  per  second  being  W,  its  specific 
heat  c',  its  initial  teraperature  T„  being  lower  than  t,  but  higher  than 
T,.     Then  in  all  the  equations  <  -  T,  is  to  be  substituted  for  T,  -  «,  and 

(  -  Tj  for  Tj  -  ( in  the  equation  —n—  =  a  i  ip         -  h,  -  -     t ;  but  he  also 

adds  that  there  are  not  sufficient  data  to  obtain  the  value  of  Uie  oonstants. 

Feclet  found  that  with  cooling  water  of  an  initial  temperature  of  68*  to 
77°,  one  square  foot  of  copper-plate  condensed  2t'5  lbs.  of  steam  per  hour, 
while  Joule  stated  that  100  Im.  per  hour  can  be  condensed.  In  practice, 
with  the  triple-compound  engine,  brass  condenser  tubes,  18  B.W.G.  thick, 
IC  lbs.  of  st«am  per  square  foot  per  hour,  with  the  cooling  water  at  an  initial 
temperature  of  60°,  is  considered  very  fair  work  when  the  temperature  of  the 
feed-water  is  to  be  maintained  at  120°.    As  much  as  26  ll».  per  square  foot 
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is  condensed  in  "destroyers,"  and  it  is  not  unlikely  that  this  quantity  coald 
be  kept  up  so  long  as  the  tubes  are  clean  and  the  circulation  rapid.  It  follows, 
tlierefore,  that  with  enginea  exhausting  at  a  lower  temperature  a  still  greater 
weight  per  sq.  ft  would  be  converted  to  water.  Professor  Weighton  with  Uie 
"Coutn&o"  condenser  got  33  lbs.  of  water  per  sq.  ft  from  a  triple  engine. 

In  the  early  days  of  snrface-oondensation,  it  was  customary  to  provide  as 
mnch  cooling  surface  in  Uie  condenser  as  there  was  heating  surface  in  the 
boiler,  and  a  general  fear  of  consequences  caused  engineers  to  give  a  too 
liberal  allowance  of  surface  long  after  experience  had  wown  that  much  less 
would  do.  The  surface  in  a  condenser  is  much  more  efficient  in  abstracting 
heat  than  can  be  that  of  a  boiler.  The  tubes  of  a  boiler  are  more  than  double 
the  thickness  <rf  the  condenser  tubes,  and  the  plates  more  than  eight  times ; 
and  whUe  the  condenser  will  keep  clean  with  care  for  a  very  long  time,  the 
boiler  gets  dirty  in  a  few  hours  by  soot  and  sooty  scale  on  ue  one  side,  and 
salt  incrustation  and  rust  on  the  other.  For  these  reasons  the  surface  in 
the  condenser  may  be  less  than  a  half  of  that  in  the  boiler,  and  under  some 
circumstances  even  considerably  less  Mbaji  this. 

In  general  practice  the  following  suffices  when  the  temperature  of  ssc^ 
water  is  about  60°,  and  allows  for  the  surface  getting  dirty : — 

Terminal  pressure,  20  lbs.  absolute,  167  square  feet  per  I.H.P. 

16  „  1-42 

124         „  1-38 

10  „  1-14 

»  8  „  1-00 

„  6  „  0-80 

For  ships  whose  station  is  in  the  tropics  the  allowance  should  be  increased 
by  10  per  cent.  If  a  ship  b  constantly  employed  in  cold  climates,  20  per  cent 
less  suffices.  With  cooling  water  not  exceeding  70°,  the  surface  need  only  be 
one  square  foot  for  every  20  lbs.  of  water  to  oe  condensed.  Thus,  wiUi  a 
triple-compound  engine  using  IS  lbs.  of  steam  per  I.H.P.,  0'6S  square  foot  of 
surface  per  I.H.F.  would  suffice.  One  square  foot  per  I.H.F.  on  trial  trip 
is  now  deemed  unple  for  ships  going  to  any  part  of  t^e  world  where  the 
sea-water  does  not  exceed  85°  F. 

Condeneer  Tubes. — They  are,  aa  a  rule,  made  of  brass,  solid  drawn,  and 
tested  both  by  hydraulic  pressure  and  steam ;  the  latter  test  is  a  very  useful 
one,  as  faults  which  escape  detection  under  water  pressure  are  often  found 
out  by  steam ;  these  faults  are  due  genenUly  to  minute  particles  of  flux  or 
slag  in  the  original  ingot,  and  sometimes  the  faults  are  in  the  form  of  cracks 
done  in  the  process  of  drawing.  It  is  by  no  means  an  uncommon  thing  to 
find  a  few  tubes  in  a  new  condenser  leaking  through  minute  holes  of  various 
shapes ;  these  holes  soon  become  enlarged  if  the  tube  is  not  at  once  stopped 
or  withdrawn.  These  faults  are  not  confined  to  the  tubes  of  a  few  makers, 
but  may  be  found  in  those  of  all  makers  at  some  time  or  other.  Tinning  is 
a  preventive,  as  the  defective  places  are  in  the  process  covered  or  filled  with 
that  metal. 

Condenser  tubes  are  usually  made  of  a  composition  of  68  per  cent  of  best 
selected  copper,  and  32  per  cent  of  best  Silesian  spelter.  The  Admiralty, 
however,  always  specify  the  tubes  to  be  made  of  70  per  cent  of  best  selected 
copper,  and  to  have  1  per  cent  of  tin  in  the  composition,  and  test  the  tubes 
to  a  pressure  of  300  lbs.  per  square  inch.  To  prove  that  the  tubes  are  of  the 
required  metal,  a  few  pounds  of  them  are  melted  in  a  closed  crucible,  and 
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Bufficient  ■palter  added  to  bring  tiie  mixtnre  to  oontain  62  per  cent,  of  copper. 
The  metftl  ia  tiken  cast  into  an  ingot^  which  when  oold  is  rolled  into  a  sheet, 
strips  are  cnt  from  it  and  tested,  and  if  satisfactoir  should  have  an  altimate 
tensile  strength  of  21  tons  per  sqnare  inch.  The  diameter  of  the  condenser^ 
tabee  Taries  from  ^  inch  in  small  Naval  oondenserB,  when  they  are  very  short, 
to  1  inch  in  large  mercantile  coudenaera  and  long  tubes.  In  the  mercantile 
marine  the  tabes  are,  as  a  rule,  J  inch  diameter  externally,  and  18  L.B.G. 
thick  (0-049  inch);  and  16  L-B-Q.  (0-065),  nnder  some  exceptional  droum- 
stanoes.  In  H.M.  Navy,  the  tubes  were  also,  as  a  rule,  |  inch  diameter,  and 
18  to  19  L.S.G.  thick,  tinned  on  hoth  sides ;  when  the  condenser  is  made  of 
brass  the  Admiralty  do  not  require  the  tubes  to  be  tinned.  On  account  of 
the  eooDomy  of  space  and  weight  that  is  effected  with  small  tubes  all  Naval 
engines  are  now  fitted  with  condensers  having  tubes  |  inch  diameter.  The 
smaller  the  tubes,  the  latger  ie  the  surface  which  can  be  got  in  a  certain 
space.  Since  laiger  tubes  are  of  necessity  somewhat  thicker  than  the  smaller 
ones,  a  square  foot  of  surface  ooata  more  when  they  are  adopted,  and  is  not  so 
efficient.  Patent  tubes  made  from  sheet  brass  22  B.W.Q.  thick,  and  joined 
at  the  seams  like  a  tinsmith's  joint  and  soft  soldered,  have  been  tried.  The 
advantage  claimed  for  them  is  the  uniformity  of  thinness,  whereby  as  little 
as  22  B.W.Q.  is  sufficient  thickness,  while  it  would  not  be  safe  to  use  drawn 
tubes  of  that  size. 

llie  length  of  the  tubes  depends  on  the  arrangement  of  the  condenser,  but 
when  they  are  not  held  tightly  in  the  plates,  but  only  packed,  their  unsup- 
ported length  should  not  exceed  lOOdiwneters;  when  held  with  tight-fittii^ 
lerrules  it  may  be  120  diameters. 

Tnbe-platflB  are  now  always  made  of  brass,  either  cast  or  rolled  into  plates 
of  suitable  size ;  the  latter  is  preferable,  as  the  rolled  brass  is  very  tough  and 
close  grained,  and  as  strong  as  wrought  iron.  Formerly  it  was  no  uncommon 
thing  to  make  the  tnbe-plates  of  cast  iron  from  1|  to  2^  inches  thick,  and 
while  some  were  converted  into  a  substance  resembling  plumbago  after  two 
or  three  years'  work,  others  have  been  found  sound  and  good  after  twelve 
years'  continaons  work. 

Boiled  brass  tube-plates  should  be  from  1-3  to  1*0  times  the  diameter  of 
tubes  in  thickness,  depending  on  the  method  of  packing.  When  the  pack- 
ings go  completely  through  the  plates  the  latter,  but  when  only  partly 
through,  the  former  is  sufficient.  Hence,  for  }-inch  tubes  the  plates  are 
usually  f  to  1  inch  thick  with  glands  and  tape-packings,  and  1  to  li  inches 
thick  with  wooden  ferrules.  In  the  Navy  the  tube-plates  are  generally  1  to 
I  inch  thick,  the  tubes  being  |  inch  diameter  and  19  L.S.O.  thick,  but  in  the 
*'  Destroyers "  the  plates  are  only  |  inch  thick ;  in  their  case,  however,  the 
plates  are  of  small  diameter  and  stayed  in  the  middle ;  and  it  may  be  added 
that  le^age  of  tubes  is  no  uncommon  occurrence  in  these  ships,  so  that  this 
is  as  thin  as  they  can  safely  be  employed. 

The  tube-plates  should  be  secured  to  their  seatings  by  brass  studs  and 
nuts,  or  brass  screw-bolts ;  in  fact,  there  must  be  no  wrought  iron  of  any 
kind  on  the  sea-water  side  of  a  condenser.  When  the  tuWplates  are  of 
large  area  it  is  advisable  to  stey  them  by  brass  rods,  to  prevent  them  from 
oolJiuMing. 

Tabs  Packings. — All  attempts  to  drift  or  expand  the  tubes  tightly  into 
holes  in  a  brass  plate  fail,  owing  to  the  softness  of  both  plates  and  tubes ;  and 
if  it  could  be  done  it  would  be  found  impossible  to  draw  the  tubes  for  examina- 
tion and  cleaning  withont  damage.    Fig.  67  shows  a  very  simple  plan,  and  on« 
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th-it  has  proved  effective  under  all  droamstances.  The  ferrule  is  made  of  soft 
wood,  auch  as  pine  or  lime  tree,  very  dry  and  well  seasoned;  they  are  made 
nearly  an  eighth  of  an  inch  larger  in  diameter  than  the  hole  into  which  they 
have  to  fit,  and  are  a  good  fit  on  the  tube.     Before  fitting  them  into  place 

1 


J 

Fig*.  67'72. — Condenser  Tube  Paobings. 
they  are  squeezed  through  a  die  in  a  press  until  they  can  be  easily  driven  into 
tbeir  holes ;  soon  after  being  fitted  into  place  they  alisorb  moisture  and  expand 
oircamfereDtiall;  at  each  end,  and  become  exceedingly  tight  on  the  tube  and 
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in  the  hole.  After  twelve  y ears'  aervioe  they  are  foniui  qoite  soimd.  tt  is 
ni^ed  acainat  them  that  thev  are  apt  to  shnnk  and  drop  out  when  the  oon- 
denaer  u  not  in  use,  but  this  is  not  the  case,  as  the  swelled  projecting  ends 
form  eollars  to  prevent  this,  and  they  do  not  shrink  so  much  u  is  gener&lly 
supposed,  unless  by  unusual  heat.  This  is  one  of  the  cheapest  forms  of  tube- 
packing,  and  although  not  used  now  in  H.M.  Kavy  is  often  employed  in  Uie 
mercantile  marine  of  this  and  other  countries,  and  does  very  well  when  the 
tubes  are  not  very  long;  these  ferrules  also  specially  suited  the  cast-iion 
tabejilate  very  well.     At  present  they  are  seldom  used  in  new  engines. 

The  next  simple  method  (fig.  68)  consists  of  two  square  section  india- 
rubber  washers,  fitting  tightly  on  the  tube  endn,  and  driven  into  a  recess  in 
the  tube-plate.  This  meUiod  is  a  fairly  good  one  when  the  water  drculatea 
through  the  tubes,  for  then  the  washers  are  pressed  into  their  place,  and  are 
not  exposed  to  the  action  of  grease.  Fig.  69  shows  an  extension  of  this 
method;  the  washers  are  made  like  the  cup  leather  washers  for  hydraulic 
machinery,  and  the  water  pressure  forces  the  india-rubber  tightly  against 
both  tube  and  recess.  This  plan  admits  of  the  tubes  being  qniokly  and  easily 
withdrawn,  but  will  not  do  when  the  tabes  are  placed  vertically,  or  when  the 
water  is  outside  the  tubes. 

Sometimes  a  sheet  of  india-rubber  (&g.  72),  having  small  holes  correspond- 
ing to  the  tubes,  was  laid  on  the  tube-platee,  and  foroed  over  the  tube  ends, 
and  secured  by  a  brass  cover  plate,  having  a  recess  into  which  each  tube  end 
fits,  and  a  hole  through  the  bottom  of  the  recess  corresponding  to  the  bore  of 
the  tube.  This  was  by  no  means  an  eoonomical  plan,  and  it  has  also  the 
serious  objection  that  if  one  tube  leaks  at  tiie  joint  the  whole  have  to  be  dis- 
turbed in  the  attempt  to  stop  the  leak.  The  plan  adopted  in  H.M.  Navy, 
and  very  generally  in  the  mercantile  marine,  is  that  shown  in  fig.  70.  Eadi 
tube  end  passes  through  a  stuffing-box  fitted  with  a  screwed  gland,  and  kept 
tight  by  a  tape  washer,  or  some  soft  oord  as  packing.  This  metiiod  is  the 
most  expensive  of  all,  as  the  tabe-plate  is  twice  drilled  and  all  the  holes  tapped ; 
the  screwed  ferrules  are  expensive,  and  the  labour  of  packing  considerable 
compared  witJi  that  of  the  other  methods ;  also  many  of  the  glands  are 
destroyed  when  the  condenser  tubes  are  removed  for  cleaning.  This  plan, 
however,  admits  of  the  water  being  on  either  side  of  the  tubes ;  the  patting 
is  not  oSeoted  by  heat,  and  the  condenser  may  remain  unused  for  a  very  long 
time,  and  be  quite  tight  at  the  end  of  it ;  for  these  reasons  it  was  chosen  by 
the  Admiralty.  It  is  likewise  the  plan  used  by  Hall  in  his  early  surface- 
condensers,  and  on  the  whole  the  most  satisfactory  one.  Modem  methods  of 
drilling  and  tapping  the  holes,  wiaking  the  ferrules,  .fcc,  have  very  much 
reduced  the  cost,  and  so  practically  removed  the  only  objection.  Fig.  71 
shows  a  modification  of  gland  to  suit  vertical  tabes ;  t^e  gland  has  an  inside 
rim,  which  prevents  l^e  tube  from  slipping.  It  is  now  always  used  in  con- 
densers wiui  horizontal  tubes,  and  is  especially  necessary  when  they  are 
long. 

Steam  Side  and  Water  Side  of  Tabes.— This  was  somewhat  of  a  vexed 
question,  and  one  on  which  there  is  mu<^  to  be  said  on  both  sides.  The 
naval  practice  was  to  circulate  the  water  outside  the  tubes,  so  that  the  con- 
denser shell  mav  be  kept  cool  and  prevented  from  making  the  engine-room 
hotter  than  can  be  helped.  The  almost  universal  practice  of  the  merchant 
service  and  Navy  now  is  to  circulate  the  water  trough  the  tubes.  Inde- 
pendently of  the  particular  reason  for  the  choioe  of  the  Admiralty,  the 
balance  <u  argument  is  in  favour  <^  oirculating  the  water  through  the  tubes ; 
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for  whett  this  is  the  caae  there  is  (i.)  a  larger  sorface  of  meteJ  exposed  to  the 
hot  steam  ;  (ii.)  I^e  grease  deposited  on  the  tubes  is  easily  removed  by  work- 
ing a  trifle  -warm,  and  naing  a  solution  of  oaustio  soda  or  potash,  and  if  this 
does  not  remove  it,  tiie  deposit  being  soft  does  not  prevent  the  tnbes  from 
being  easily  drawn,  as  is  the  case  when  scale  from  salt  water  is  deposited  on 
their  extenor  surface ;  (iii.)  tiie  scale  from  sea-water,  which  most  be  removed 
mechanically,  can  be  so  done  witliout  removing  the  tubes ;  (iv.)  a  more  ex- 
tended and  comjplete  ciroulation  of  the  cooling  water  is  possible,  and  that 
without  risk  of  air  accumulation,  and  witiiont  special  and  expensive 
diaphragms,  Sus. ;  (v.)  the  condenser  is  more  easily  designed,  and  fits  into  the 
general  arrangement  of  most  engines,  and  is  smaller,  inasmnch  as  there  is  no 
need  of  an  expansion  chamber  in  front  of  the  tabes,  as  is  the  case  when  steam 
passes  througn  them ;  (vi.)  when  it  is  necessary  to  examine  the  pacJcings,  or 
to  ping  a  defective  tube,  only  a  water  joint  is  broken ;  (vii.)  india-rubber 
packings  cannot  be  used  when  the  steam  passes  through  the  tubes,  as  they 
are  destroyed  by  the  fatty  matter  deposited  by  the  steam,  and  the  sulphurous 
products  of  their  decomposition  attack  and  destroy  the  tube  ends,  &o. ;  and 
(viii.)  the  thin  tubes  are  stronger  to  resist  internal  than  external  pressures. 

On  the  other  hand,  when  the  steam  passes  through  the  tubes  the  bulk  of 
the  fatt^  matter  is  deposited  on  the  front  tube-pUte,  and  prevented  from 
coating  the  tabes ;  the  large  flat  sides  of  the  condenser  are  subject  to  the 
very  ^ight  pressure  due  to  the  head  of  water,  and  so  may  be  made  much 
lighter  ;  and  there  is  less  hot  surface  exposed  in  the  engine-room.  As  little 
or  no  oil  is  now  used  for  direct  internal  lubrication,  and  such  as  gets  in  with 
the  piston  and  valve  rods  is  small,  and  a  mineral  oil,  the  argument  as  regards 
grease  deposit  is  considerably  modified  from  what  it  was  when  animal  and 
vegetable  oils  were  freely  used,  and  even  tallow  on  occasion,  in  both  cylinders 
and  boilers. 

Spacing  of  Tubes,  ftc. — ^Tbe  boles  for  ferrules,  glands,  or  indisrrubber  are 
nsuallv  ^  inch  larger  in  diameter  than  the  tubes ;  but  when  absolutely  neces- 
sary the  wood  ferrules  may  be  only  ^  inch  thick 
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^e  pitch  of  tubes  when  packed  with  wood  ferrules  is  usually  ^  inch  more 
than  the  diameter  of  the  ferrule  hole.  For  example,  the  tubes  being  J  inch 
external  diameter,  the  ferrule  hole  will  be  1  inch  and  the  pitch  of  the  tubes 
li  inch.  When  the  india-rubber  washers  or  screwed  glands  are  used,  the 
ptch  of  the  tnbes  is  ^  inch  to  ^  inch  more  than  their  diameter,  so  that  the 
usual  pitch  for  j-inch  tubes  under  these  circumstances  is  1^  inch.  In  iba 
Navy,  with  tubcM  j  inch  diameter  and  the  tube-plates  i  inch  to  1  inch  thick, 
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the  pitch  of  holes  is  J^  inch,  and  in  "  Destroyers "  only  |f  inoh.  In  die 
mercantile  marine,  wiUi  tubee  |  inch  diameter  and  the  tube-platee  1  inoh 
thick,  the  pitch  is  1 J  inch ;  for  ^inch  tubes,  1^  inch ;  and  for  1-inch  tnhea, 
IjV  iiich.  The  tubes  are  generally  arranged  ugiag,  and  the  nomber  which 
may  be  fitted  into  a  Bquare  foot  of  plate  is  as  in  Table  xix. 

The  Condenser. — The  aurface^ondenser  ia  generally  in  the  form  of  a 
OTlinder  or  a  rectangalar  parallelepiped,  and  sometimes  a  flattened  cylinder ; 
tiie  first  and  last  forma  are  the  best  suited  when  weight  is  a  great  considera- 
tion, and  the  second  the  meet  convenient  when  space  is  of  first  importance ; 
the  cylindrical  form  is  b v  far  the  cheapest,  as  the  patterns  are  very  simple — 
the  body,  when  not  made  of  iron,  copper,  or  brass  sheets,  being  struck  ovt; 
the  covers,  tube-plates,  and  corresponding  flanges  can  all  be  faced  in  a  lathe  ; 
this  form  also  is  by  far  the  lightest,  for  the  two  reasons,  that  the  oircnlar 
plate  is  the  form  giving  the  minimum  perimeter  for  a  given  area,  and  conse- 
quently a  minimum  burel,  and  that  the  cylindrical  form  for  either  internal 
or  external  pressure  is  the  strongest,  so  that  the  thioknesa  of  metal  will  be 
the  minimum. 

The  waterways,  or  chambers  at  each  end  of  the  condenser,  are  sometimes 
oast  with  it,  and  sometimes  cast  separately ;  in  the  latter  case  there  is  an 
additional  joint,  but  this  is  mitigated  oy  its  also  forming  the  tube-plate  joint; 
in  the  former  case  there  is  only  one  joint  less  at  each  end  through  which  air 
can  leak,  but  the  plates  are  more  troublesome  to  fit,  and,  except  in  the  case 
of  the  cylindrical  form,  the  tube-plate  fiange  is  difficult  to  face. 

Great  care  should  be  taken  in  designing  a  condenser  that  free  outlet  is 
given  to  any  air  that  may  collect  near  the  tubes,  and  all  pockets,  where  dead 
water  could  lie,  should  be  avoided,  as  the  vacuum  ia  very  often  spoiled  by  a 
few  of  the  tubes  getting  hot  and  leaking  from  the  above  causes. 

The  hottest  water  should  meet  the  hotteet  steam,  so  that  the  inlet  should 
be  at  that  part  where  the  eondensed  vapour  leaves  the  condenser.  Some 
engineers  object  to  this  on  the  ground  that  the  condensed  water  is  un- 
neoessarily  cooled,  and,  to  avoid  this,  cause  the  coldest  water  to  meet  the 
hottest  steam,  and,  as  the  circulating  water  gradually  becomes  warmed,  the 
condensed  water  is  not  cooled  so  much  as  in  the  other  case.  Now,  this 
practice  is  not  in  accordance  with  theory,  and  if  the  matter  were  looked  into 
a  little  closer  it  would  be  found  that  although  the  observations  of  practice 
were  correct  the  inferences  were  wrong.  The  pressure  in  the  condenser  will 
depend  on  the  temperature  of  the  vapour,  and  if  the  temperature  of  the  con- 
densed water  were  higher  than  that  due  to  the  pressure,  vapour  would  be 
immediately  formed,  and  the  vacuum  fall  until  the  preasure  became  that  due 
to  the  temperature  of  the  condensed  water ;  of  coorae,  it  ia  poaaible  that  the 
condensed  water  may  have  a  temperature  considerably  below  that  of  the 
vapour,  but  this  would  only  occur  in  a  badly  designed  or  badly  worked  con- 
denser ;  in  other  words,  the  condensed  water  is  allowed  to  remain  in  contact 
with  the  cold  tubes  longer  than  is  necessary,  owing  to  imperfect  drainage, 
and  its  coolness  is  not  directly  due  to  the  system  of  circulation.  Now,  if  the 
water  is  admitted  to  the  hottest  part  of  the  condenser  first,  the  absorption  of 
heat,  owing  to  the  wide  difference  of  temperatures,  will  be  considerablv  more 
than  when  the  cooling  water  has  become  warmed  and  the  vapour  cooled,  so 
that  their  difierence  of  temperature  is  not  so  wide ;  when  this  is  the  case,  to 
reduce  the  vapour  to  the  temperature  due  to  the  pressure  required,  either  a 
larger  surface  or  more  cooling  water  is  necessary.  Now,  if  the  coldest  water 
meet  the  coldest  vapour,  and  the  condensed  water  is  well  drained  as  soon  aa 
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formed,  the  difibrence  between  the  temperature  of  ttie  oondensiiig  water  and 
the  Tapoar  will  not  vary  very  much  frcHn  entrance  to  outlet,  and  less  surface 
and  less  oondenaing  water  will  be  required ;  but  whichever  plan  is  adopted, 
if  t^s  condensed  water  is  allowed  to  remain  long  in  contact  with  t^  tubes, 
it  will  be  unneoeasaiily  cooled,  and  give  cold  feed  water.  There  is,  however, 
little  fear  of  such  an  action  in  a  condenser  wit^  small  surface  and  as  now 
designed. 

QaautitT  of  Cooling  Water. — The  neoesaaiy  amount  of  circulating  water 
may  be  calculated  in  the  same  way  as  that  for  injection  water  (see  p.  226), 
on  the  principle  that  the  exhaust  steam  has  a  certain  quantity  of  heat  whidi 
is  to  be  expended  in  raising  a  mass  of  sea-water  of  a  certain  temperature  to 
about  100°.  The  quantity  of  sea-water  will  of  course  depend  on  its  initial 
temperature,  which  in  actual  practice  may  vary  from  40*  in  the  winter  of 
temperate  zones  to  80*  of  the  West  lodiea  and  other  subtropical  seas.  In 
the  latter  case  a  pound  of  water  requires  only  20  thermal  units  to  raise  it 
to  100°,  while  60  are  required  in  the  former.  From  this  it  is  seen  that  the 
quantity  of  circulating  water  required  in  the  tropics  is  three  times  that  of 
uie  Iforth  Atlantic  in  t^e  spring  of  the  year. 

As  before,  let  T^  be  temperature  of  the  steam  on  entering  the  condenser, 
and  L  the  latent  heat ;  T^  tiie  temperature  of  the  circulating  water,  and  Q 
its  quantity ;  T,  the  temperature  of  the  water  on  leaving  the  condenaer,  and 
T3  tii6  temperature  of  the  feed. 

The  heat  to  be  absorbed  by  the  cooling  water  is  now  (Tj  +  L)  -  T,; 
and  this  amount  of  heat  must  be  equal  to  Q  (Tj  -  Tq).     Hence, 

Q  =  (T,  +  L)  -  Tj  -^  Tj  -  To- 
Or 

„      llU-t-0-3T,  -T, 
Tj  -  To 

ETXumpU. — ^To  find  the  amount  of  circulating  water  required  by  an  engine 
whose  Bt«am  exhauate  at  8  lbs.  pressure  absolute,  t^e  temperature  of  the 
sea  being  60°,  and  (2)  Uie  amount  required  when  the  teiD[>erature  of  the 
sea  is  75°.  The  temperature  of  the  feed  to  be  120°,  and  bl^t  of  the  water 
at  the  discharge  100*.    The  temperature  correspondmg  to  8  lbs.  is  183°. 

*''  Q      nun- 0-3  ..  183  -  120 

^  100-60 

That  is,  tlie  water  required  is  26'32  times  the  weight  of  steam. 

With  the  jet  condenser,  the  quantity  wss  on);  17*48  times  (v.  p.  33S), 

(3)  When  the  sea  is  at  75° 

„      IIU  *  0-3  ..  183  -  120      ,,„.„ 
•* lOO^Tre "'^  *""■ 

It  is  usual  to  provide  pumping  power  sufficient  to  supply  SO  times  the  weight 
of  steam  for  general  traders,  and  as  much  as  40  times  tor  ships  stetioned  in 
subtropical  seas.  As  will  be  shown  in  another  chapter,  if  the  circulating 
pump  is  double-acting,  its  capacity  may  be  -j'g'  in  the  former,  and  ^  in  the 
latter  case  of  the  capacity  of  the  low-pressure  cylinder. 

Passage  of  Ciicalating  Water.~The  water  must  be  caused  to  pass  over 
a  sufficient  amount  of  surface  to  become  dulv  heated,  if  the  minimum  quantitrv 
is  to  be  used.     In  practice  it  should  travel  at  least  20  feet  lineally  through 
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tbe  tabes  before  leaving  the  oondenser ;  if  tbia  oumot  be  airanged,  tben  it 
most  remain  longer  in  oontect  with  tbe  sorfaoe.  Hence,  in  amalt  oondenaers, 
where  the  atoam  is  oabside  the  tabes,  the  water  drcnlatea  only  twice  through 
them  at  a  alow  pace ;  in  larger  condensers  it  may  circnlate  twice  throi^h 
long  tnbea,  or  throe  or  four  times  Uirongh  ahortcr  tubes  at  a  higher  velocity, 
due  to  the  larger  quantity  of  water.  To  obtain  the  beat  resnlta  tbe  velocity 
of  flow  should  be  110  feet  per  minute  when  tiie  sea-water  ia  at  60*,  and  170 
feet  when  at  76*.  When  the  water  circulated  outside  the  tubes,  it  was 
necessary  to  fit  baffle-plates,  which  should  divert  the  water  and  prevent  it 
from  taking  iitR  ahorteat  course  from  tJie  inlet  to  the  outlet,  and  also  to  pre- 
vent the  hot  water  from  accumulating  at  the  top  part  and  the  cold  water  from 
remaining  in  the  bottom.  Some  skill  and  ingeaoity  wera  often  required  to 
fully  overcome  such  difficulties.  Condensers  are,  however,  seldom  or  never 
made  now  with  the  water  outside  the  tubes. 

Where  reciproca,ting  pompa  are  employed,  the  ciroolating  water  should 
be  admitted  to  the  condenser  <urect  from  the  sea,  and  punyo«dj'rom  it  through 
an  outlet  above  the  level  of  tbe  top  row  of  tubes ;  the  pressure  in  the  condenser 
does  not  then  exceed  that  due  to  the  head  of  water,  and  little  or  no  shock 
is  given  to  it  by  the  varying  velocity  of  the  circulating  pump,  as  is  the  case 
when  the  water  is  forced  flirough.  When  a  oentrifu^  pump  is  used,  it 
should  deliver  into  the  condenser  direct  from  tbe  sea. 

Sine  of  Inlet  and  Discharge  Pipes  should  be  auch  that  the  flow  of  water 
through  them  when  the  engines  are  working  at  full  speed  does  not  exceed 
&00  feet  per  minute.  In  temperate  zones  7  lbs.  of  cooling  water  per  I.H.P. 
is  sufficient  for  a  triple-oompound  engine,  and  6  lbs.  will  do  for  a  quadruple 
engine  or  a  triple  working  at  a  fairly  high  rate  of  expansion.     Hence 


Where  C  —  31  triple  and  quadruple  high  expansion, 


—  35     „  „        tropics. 

Extra  Snpply  CocIl — To  provide  for  the  water  wasted  in  blowing  off, 
priming,  leakage,  &c,  it  ia  usual  to  fit  a  small  cook,  through  which  some  of 
tbe  circulating  water  may  be  passed  to  the  ateam  side  of  tbe  tubes.  Tbe 
pipe  for  this  ^ould  be  about  one-third  the  diameter  of  the  main  feed  pipe, 
the  velocity  of  flow  being  nearly  nine  times  t^t  nsnally  provided  for  in 
feed  pipes.  Now  that  evaporators  are  in  general  use,  so  that  the  waste 
can  be  made  up  with  fresh  water,  the  necessity  for  such  a  fitting  scarcely 
exists,  but  08  an  emergency  provision  it  mav  remain. 

Impermeator. — A  cup  witti  cock  attached  should  be  fitted  to  the  condenser 
close  to  the  exhaust  en^,  by  meana  of  which  caustic  soda  may  be  injected 
to  tbe  condenser,  and  spread  over  the  tube  aurfoce  to  dissolve  off  grease. 

Man-holea  and  Mnd-holeB. — A  man-hole  is  necessary  for  tbe  purpose 
of  admitting  men  to  clean,  repair,  or  tube  tbe  condenser,  and  smaller  holes 
should  be  provided  through  which  mud,  grease,  scale,  Ac.,  may  be  scraped 
out.  Peep-holes  are  sometimes  formed  in  the  doors,  esp^iially  if  they  are 
large  and  heavy,  through  which  the  tube  ends  may  be  seen  and  examined. 
These  latter  are  useful  when  steam  is  condensed  inside  the  tubes,  to  admit 
the  nozzle  of  a  steam  jet  to  wash  away  grease,  &c 

Drain  Cocks  shonld  be  fitted  so  that  the  condenser  may  be  thoroughly 
drained  when  not  in  use. 
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Testing. — The  Admiralty  require  oondeosers  to  be  tested  to  30  lbs.  per 
aqoare  mcb  before  being  plaoed  in  the  ship,  uid  numy  steamship  com- 
panies require  the  same  tost,  while  others  are  contont  to  tost  with  lower 
pressures.  To  provide  for  such  strains,  the  fiat  surfaces  most  be  stiffened  in 
the  same  way  as  laid  down  for  cylinders,  and,  when  necessary,  tied  togetiier 
by  stay  bars,  Ak. 

Cemontii^. — It  is  a  good  plan  to  cover  the  inside  of  iron  condensers, 
where  there  is  much  waab  of  condensed  water,  with  a  good  coating  of 
Portland  cement,  and  under  the  air-pump  and  in  the  pump  passages  it  should 
be  at  least  half  an  inch  tiiick. 

Enporatore. — Since  the  use  of  steam  of  ISO  lbs.  and  upwards  the  extra 
supply  from  tJie  aea  has  been  avoided  as  much  as  possible,  fresh  wator  being 
carried  in  tanks  or  double  bottoms ;  now  t^e  employment  of  "  evaporators 
is  doing  away  wit^  the  necessity  for  this  and  providing  a  long-telt  want, 
and  permitting  of  tiie  use  of  water-tube  boilers  and  modified  forms  <rf  ordinary 
marine  tiypea. 
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Air  Pomp.— 'The  function  of  this  pump  in  all  condensers  is  to  abstract  the 
water  condensed,  and  the  air  which  was  originally  contained  in  the  wator 
when  it  entered  the  boiler ;  and  in  the  case  of  jet-condensers,  it  pumpa  out  in 
addition  the  wator  of  condensation  and  the  air  which  it  contained. 

It  follows  then  that  the  size  of  the  air-pump  must  be  calculated  from 
these  conditions,  and  allowance  made  for  4ie  efficiency  of  the  pump ;  or, 
what  is  the  same  thing,  the  result  thus  found  must  be  multiplied  by  the  ratio 
between  what  the  pump  should  do  theoretically,,  supposing  its  action  perfect, 
and  what  it  does  actually  in  practice. 

Ordinary  sea  water  oonttuns,  mechanically  mixed  with  it,  one-twentJetb 
of  its  volume  of  air,  when  under  the  atmospheric  pressure.  Now,  suppose 
the  pressure  in  the  condenser  to  be  2  pounds,  and  the  atmospheric  pressure 
16  pounds,  neglecting  the  effect  of  temperature,  the  air  od  entoring  tiie  con- 
denser will  be  expanded  to  -^  times  its  original  vtdume;  so  that  a  cnlno  foot 
of  sea-water,  when  it  has  entered  the  condenser,  is  represented  by  a  cubic 
foot  of  water,  and  jg  of  a  cubic  foot  of  air. 

Now  let  q  be  the  volume  of  wator  condensed  per  minute,  and  Q  the 
volume  of  sea-wator  required  to  condense  it  j  and  let  T^  be  the  temperature 
of  the  condenser,  and  Tj  tliat  of  the  sea-water : — 

Then  (q  +  Q)  will  be  the  volume  of  water  to  be  pumped  from  the  con- 
denser per  minute,  and 

4Q  (?  +  Q)  X  ij?  ^  jg^o  the  quantity  of  air.* 

o  pdnt,  or  point  of  no  heat,  is  461*  below  the  zero  of  Fshrenbeit's 
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If  tii«  temp«i»toi«  oi  tte  condenser  be  taken  at  190*,  and  that  of  ae« 
water  &t  60*,  Uie  quantity  of  air  vill  tiien  be  -418  (q  +  Q),  bo  that  tiie 
total  volume  to  be  afaatracted  will  be 

(g  +  Q)  +  -418  (y  +  Q)  =  1-418  (3  +  Q). 
Now,  if  the  average  quantity  of  injection  water  be  taken  at  26  times 
that  condensed,  9  +  Q  will  equal  27  9. 

Therefore,  volume  to  be  pumped  from  the  condenser  per  minute 

=  38  q. 

ExamjUe. — To  find  Uie  theoretical  capacity  of  a  single-acting  pump  for 
an  engine  using  3  cubic  feet  of  water  per  minute,  and  the  number  of  strokes 
being  40. 

Yolame  to  be  pumped  out  —  36  x  3,  or  114  cubic  feet. 

Therefore,  the  c&pacity  of  the  pump  —  -jx-,  or  2-6S  cubic  feet. 

If  the  stroke  of  the  pump  be  taken  at  1*5  feet. 

The  area  C&  backet  »  -p^,  or  1-9  square  feet. 

Example. — To  find  the  theoretical  capacity  of  a  double-acting  pump  for 
an  engine  using  10  cubic  feet  of  water  per  miante.  the  number  of  revolu- 
tions being  'JO,  and  the  stroke  of  the  pump  25  feet. 

Volume  to  be  pumped  out  —  38  x  10,  or  380  cubic  feet. 

Area  tJ  bucket  —  ^^ — 5 — ^,,  or  -844  square  foot 

Of  oouree  were  these  examples  worked  strictly,  it  would  be  necessary 
to  find  the  relation  between  Q  and  q  in  each  case,  instead  of  assuming  it  at 
26  as  has  been  done. 

The  foregoing  oaloulationa,  Ac.,  are  for  jet-condensers,  tmd  based  on  the 
supposition  that  the  air-pump  also  abstracts  the  condensing  water ;  now  in 
a  surface-condenser,  not  only  is  the  air-pump  relieved  of  this  latter  duty, 
but,  since  the  feed-water  is  oondeosed  steam,  and  has  not  had  time  to 
absorb  air,  it  would  seem  that  its  only  function  ia  to  draw  off  tJie  con- 
densed water,  and  should  therefore  be  no  larger  than  a  feed  pump,  as  no 
doubt  it  might  be,  did  the  engine  work  perfectly;  but  since  ordinary 
water  has  to  be  occasionally  admitted  to  make  up  for  waste,  and  as  alight 
leakage  at  the  glands  and  joints  very  frequently  exists,  it  would  be  necessary 
to  m^e  the  air-pump  only  about  half  the  size  that  would  be  requisite  for 
jet  condensation ;  but  when  a  surface-condenser  was  arranged  so  as  to  be 
worked  as  a  jet-condenser,  the  air-pump  had  to  be  large  enough  to  do  the 
work  necessitated  by  this,  unless  tiae  circulating  pump  was  fitted  so  as  to 
be  worked  as  an  air-pump.  It  is  seldom  that  a  surface-coudonser  is  now 
so  arranged  as  to  admit  of  jet  eondensation.  Too  great  care  cannot  be 
expended  on  Hie  design  of  the  air-pump  for  a  surface -condenser,  as  the 
success  of  many  an  engine  has  been  marred  by  a  bad  vacuum ;  and  doubt- 
less an  inch  or  two  of  vacuum  tells  wonderfully  on  an  engine,  especially 
on  a  oomponnd  engine,  where  tJie  vaonum  can  almost  be  told  by  the  speed 
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of  the  engine.  Since,  however,  tiie  Biirfaoe-condeDBer  wm  only  required 
to  work  as  a  jetcoadenser,  when  so  fitted,  in  oases  of  emergency,  which 
seldom  happen,  and  when  such  a  case  does  occur  it  is  not  of  importance 
that  tiie  engines  shall  work  at  the  highest  efficiency  or  maximum  speed, 
it  seems  better  so  to  design  the  air-pump  as  to  best  suit  sur&ce  con- 
densation, rather  than  to  make  it  t^  the  Luger  size,  and  sacrifice  a  large 
amount  <^  work  in  driving  it  daring  the  \oag  period,  when  jet  condensa- 
tion is  not  necessary.  In  short,  the  pump  should  be  of  such  a  size  as 
to  give  its  maximum  efficiency  during  the  longest  time,  and  if  for  a 
Burnce-oondensing  engine,  it  should  be  designed  for  that  partionlar  service. 


Fig.  73. — Air-pniBp  of  Ordioar;  Typo. 

Such  reasoning  did  not  rigidly  apply  to  &b  machinery  of  warships, 
as  a  mishap  in  action  might  necessitate  the  use  of  the  jet  injection,  and 
at  such  a  time  there  must  be  no  diminution  of  speed  and  efficiency ;  for 
this  reason  it  was  customary  for  the  Admiralty  to  stipulate  that  the  air- 
pump  should  be  of  sufficient  size  to  produce  a  good  vacuum  when  jet 
condensation  was  resorted  to.  But  iJie  Admiralty  no  longer  provide  for 
working  with  jet  injection. 

l^iOO'^IC 
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In  the  mercantile  mwine,  espeoiaUy  in  mail  and  paflsenger  atoamera, 
it  was  cuBtomary  to  effect  a  compromise  by  making  the  pump  larger  thaa 
absolutely  neoeusary  for  surface  oondensation,  but  leas  than  is  usaal  for 
that  purpose. 

The   Single-Mtiiig  Tertical   Air-pomp  {fig.  73),  having  valves  in  Uie 

bucket  aa  well  as  foot  and  delivery  valves,  is  by  far  the  most  efficient, 

and,  when  possible,  was  generally  diosen.     If  the  rod  of  such  a  pump  ia 

enlarged  or  ttie  bucket  has  a  trunk  to  snrronnd  the  rod,  which  is  attached 

to  a  joint  in  its  centre,  it  is  to  a  oertain  extent  doublfr«cting,  since  on 

the  upstroke  it  fills  the  chamber  in  which  it  works,  on  the  downstntke  it 

displaces,  and  consequently 

discharges  a  volume  equal 

to  the  volume  of  the  trunk 

or  rod,  and  on  the  upstroke 

discharges    the   remainder. 

If  the  sectional  area  of  the 

rod  or  trunk  is  half  that 

of  the  bucket,  the  dischargee 

are  equal,  and  the  pumi>  is 

virtuwly    a    double-acting 

one. 

Edwuds'  Air-pump  is 
an  ingenious  form  of  single- 
acting  vertical  pump,  with 
valves  only  at  the  top  to 
check  the  discharged  wat«r 
and  air  from  returning  to 
the  pomp  OQ  1^«  down 
stroke.  Fig.  7i  shows  the 
general  design  and  action 
of  the  bucket  or  piston  of 
this  pump  whereby  the 
water  ana  air  are  caused 
to  enter  the  exhansted 
space  between  the  head- 
valves  and  the  bucket;. 
These  pumps  are  very 
simple,  have  the  minimum 
number  of  valves,  which 
are  easily  examined  and  replaced,  work  with  iba  least  possible  resistance 
and  wear  and  tear,  and  produce  a  good  vacuum. 

The  Double-acting  Alr-pnmp. — It  is  not  always  convenient  ixt  have  & 
vertical  pump  in  the  horizontal  engine,  and  consequently  a  horizontal  pump 
was  generally  employed,  and  this  was  almost  <^  necessity  double-acting. 
The  bucket  in  this  case  works  air-tight  in  a  smooth  barrel  placed  beneath  the 
condenser,  and  has  a  set  of  toot  aiid  delivery  valves  for  each  end.  Bome- 
times,  in  lieu  of  a  barrel  and  bucket,  a  plunger  is  fitted,  passing  through  a 
stuffing-box  in  the  diaphr^^-plate  dividing  the  condenser-bottom.  This 
latter  arrangement  generally  admits  of  more  room  for,  and  a  better  disposition 
of,  the  valves.  Some  engineers  adopted  this  form  of  the  horizontal  pump  for 
vertical  engines,  and  worked  it  by  means  of  an  eccentric  formed  on  one  tu  the 
crank-arms, 
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The  Effidaooj  of  Alr-pnmpi,— The  effidenoy  of  tbe  aiiigl&dcting  vertical 
pump  is  due  to  tJie  cert&inty  of  its  action  in  taking  the  water,  &c.,  throngh 
the  bucket-TsIvee,  and  to  ttie  valves  from  their  position  so  readily  cloeiog 
vhen  required ;  there  ia  also  time  for  the  vater  to  drain  into  the  bottom  of 
ihe  pump  on  ita  upstroke,  and  collect  there  ready  tor  the  bucket  when  it 
descends.  The  flow  is  always  in  one  direction,  so  that  the  velocity  of  flow  is  not 
(decked  by  diversion.  Thn  water  always  lies  on  the  valves  so  as  to  render 
them  aiT'tight,  and  there  ia  very  little  clearance  space,  as  a  rule,  between  the 
foot  and  bucket  valves,  and  between  the  bucket  and  head  valves,  and  what 
tiiere  is  contains  water. 

The  want  of  efficiency  of  tJie  doubleacting  horizontal  pomp  is  caused  by 
the  reverse  of  some  of  ^e  above  conditions,  especial^  by  the  failure  of  tlie 
valves  in  closing,  and  to  the  large  space  between  the  foot  and  delivery  valves, 
also  by  leakage  at  the  gland  of  the  rod,  and  past  the  bucket,  which  ia  only 
lubricated  by  the  water  on  the  bottom,  and  in  no  small  degree  by  the  ever- 
changing  direction  of  flow.  The  latter  defect  is  proved  by  stopping  one  end 
of  the  pump,  when  it  is  often  found  (especially  in  the  case  of  badly  designed 
pumps,  &C)  that  the  vacuum  is  not  very  materially  altered.  The  foot  vfJves 
are  sometimeB  kept  covered  witii  water  by  allowing  the  water  to  pass  back 
again  through  a  pipe  from  the  hot-well  to  Uie  pump-chamber. 

Size  of  Air-pnmp. — The  capacity  of  the  air-pump  should  be  calculated 
from  consideration  of  the  concutions  uader  wMcn  it  is  to  work,  and  by  the 
rules  given  in  this  and  tiie  preceding  chapter,  and  suited  to  practice  by  on 
allowance  made  for  the  efficiency  of  tne  pump.  If  the  pump  is  single-acting 
and  well-designed,  and  is  working  under  favourable  conditions,  its  efficiency 
may  be  taken  at  06 ;  and  if  the  reverse  of  this  0-4  ;  generally  its  efficiency  is 
about  0'5,  so  that  the  size  in  practiee  should  be  double  that  given  by  theo- 
retical calculation.  The  efficiency  of  the  doubl»acting  pump  varies  from  0-5 
to  0-3,  and  generally  is  not  more  than  0*35  ;  the  size  for  good  working  should 
be  nearly  three  times  that  given  by  theoretical  ccJculations. 

Hence,  when  the  temperature  of  the  aea  ia  60°,  and  that  of  the  (jet)  con- 
denser is  120*,  Q  being  the  votwne  of  the  cooling  water,  and  q  the  voiume  of 
the  condensed  water  in  cubic  feet,  and  n  the  number  of  atrokei  per  minute. 

/Q  -•■  q\ 
The  volume  of  the  single-acting  pump  =  2-74  I  — zr~)- 

The  volume  of  ttie  double-acting  pump  —  4    (~~z — )• 

In  actual  practice  it  is  usual  to  make  the  air-pump  proportaonal  to  the 
capacity  of  the  cylinder  or  cylinders  exhausting  into  the  condenser.  The  old 
rule  for  the  air-pumps  of  paddle-wheel  engines  supplied  with  steam  of  20  lbs. 
pressure  was  to  make  the  diameter  of  ea^  pump  half  that  of  each  cylinder, 
and  the  stroke  half  the  stroke  of  the  piston  ;  in  other  words,  the  capacity  of 
the  pump  was  one-eighth  that  of  t^e  cylinder.  For  example,  a  paddle-wheel 
engine  liaving  two  cylinders  80  inches  diameter  and  72  inches  stroke,  would 
have  two  single-acting  air-pumps,  40  inches  diameter  tmd  36  inches  stroke. 

The  following  table  gives  the  ratio  of  capacity  of  cylinder  or  cylinders  to 
that  of  the  air-pump ;  in  the  case  of  the  compound  engines,  the  low-pressure 
cylinder  capacity  only  is  taken.  A  small  air-pnmp  will  keep  up  a  good 
vacuum  in  a  sur&c&«ondenaer,  and  require  less  power  to  drive  than  a  larger 
one,  but  it  takes  longer  to  produce  a  good  vacuum.    On  the  whole,  a  small 
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pomp  is  beat,  and  now  thai  good  metallic  packings  &re  fitted  to  tiiie  principal 
glaods,  a  aatiafaotory  Tacnnm  can  be  maintamed  with  it. 
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VmattOeamB^t. 

aMo. 

Surface    „ 

J«t           ,.               „        S  to  S,       . 

6to    8 
10  to  12 
10  to  12 

1              II             1 

Surlaoe    „                 „              „ 

Utol6 

Jet            „         MtpuimoD,  8  to  6, 

18  to  21 

21  to  28 

Doabl 

16tol» 

Snr&M    „ 

10  to  24 

oomponnd,  « to  10,     . 
tliple-ei.,  10  to  16,      . 

24  to  28 

.,          . 

28to30 

The  stroke  of  the  vertical  air-pnmp  is  osnally  from  one-thitd  to  one-half 
that  of  the  engine,  but  it  should  be  sacb  that  the  relocii^  does  not  exceed 
300  feet  per  mioute,  and  for  continuous  running  375  feet. 

The  vacuum  in  the  condenser  is  liable  to  be  spoiled  by  leakage  at  ihe 
expansion  joint  cd  the  exhaust  pipe.  It  is  usoal  to  provide  for  the  ex- 
pansion of  this  pipe,  which,  in  the  14'avy,  is  of  brass  or  copper,  by  fitting 
a  stuffing-box,  gliuid,  Jic,  on  the  condenser  or  cylinder  into  which  the 
pipe  end  is  free  to  work ;  unless  this  box  is  deep,  and  has  a  good  taper 
at  tiie  bottom,  and  the  part  of  the  pipe  fitting  in  the  stuffing-box  of  brass 
and  turned  to  fit,  it  is  difficult  to  keep  it  quite  tight.  A  better  plan  is 
to  form  the  exhaust  pipe  with  a  good  bend,  so  as  to  do  away  with  the 
joint;  or,  if  this  cannot  be  done,  fit  a  brass  or  copper  beUowa  joint.  In 
compound  engines  some  trouble  is  often  experienced  from  leakage  through 
the  drain  cocks  of  the  low-pressure  cylinder,  and  since,  when  the  engine  ia 
working  under  full  speed,  the  pressure  in  tiiis  cylinder  is  below  tliat  of  tiie 
atmosphere  as  a  rule,  to  make  ttiese  cocks  at  all  effective,  pipes  should  be  led 
from  them  to  the  condenser. 

Pump  Eods. — The  vertical  single-acting  pump  in  oscillating  paddle-wheel 
engines  is  generally  worked  by  a  connecting-rod  from  a  crank,  or  by 
means  of  a  large  eooentric,  whose  rod  passes  through  a  trunk  cast  with  the 
bucket,  and  connected  to  a  socket  fitted  to  the  bucket,  and  secured  by  a 
brass  cap-nut  underneath. 

Area  of  section  of  tbe  rod  =  0*01  x  area  of  pump  bucket, 
Of  in  case  of  a  round  rod 

The  diameter  of  rod  =  0-1  x  diameter  of  pump. 
When  two  bolts  are  fitted  to  connect  the  brasses,  &a.,  at  the  end. 

The  diameter  of  each  bolt  in  the  body  -   056  x  diameter  of  pump. 

When  the  air-pump  is  of  the  single^cting  type  in  screw  engines,  it  is 
generally  worked  by  means  of  a  rod,  either  of  one  of  the  bronzes  or  brass 
rolled  or  iron  cased  with  brass,  havins  a  tapered  end  fitting  into  the  piston 
or  bucket,  and  secured  by  a  nut  on  uie  top  side,  or  tapered  the  other  way 
and  secured  by  a  cap-nut  of  brass  (fig.  75)  on  the  bottom  side. 
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The  (liamet«r  of  the  rod  «  -16  k  diameter  of  pump. 

It  ia  DO  unfrequent  thing,  though,  in  vertical  engines,  to  find  the  pump 
ivorked  by  a  connecting-rod  uid  trunk  aa  in  paddle-wheel  engines,  the  motion 
being  derived  from  levers  worked  from  the  piston-rod  crosshead  in  the  same 
way  as  for  pumps  with  fixed  rods. 

The  arrangement  of  the  pumps  is  variooa  as  regards  detail,  but  for  vertical 
screw  engines  ia  generally  alike  in  principle,  and  may  be  divided  into  three 
syBtemB~-{l)  Air-pump  and  circulating  pump,  both  single-acting,  and  each 
worked  separately  by  levers,  Ac.,  from  a  piaton-rod  oro^head ;  or  air-pump 
and  circulating  pump  side  by  aide  (the  latter  being  either  single  or  double- 
acting),  and  worked  by  levers  from  one  piston-rod  crosshead;  or  a  single- 
acting  plunger  circnlating  pump  inverted  over  the  air-pnmp,  and  having  a 
common  rod,  crosshead,  levers,  &c.  (2)  Air-pnmp  and  circulating  pump 
worked  each  from  a  piston  direct,  or  trom  the  same  piston-rod  crosshead.  (3) 
Both  pumps  worked  by  eocentrioa  on  the  crank-shaft,  or  bv  a  crank-pin  on 
the  forwai^  end  of  the  crank-ahaft.  (i)  The  air-pump  worked  in  one  of  the 
waYB  above  described,  and  the  circulating  pump  a  centrifugal  driven  by  an 
independent  engine.  (0)  The  air-pump  detached  and  worked  by  an  inde- 
pendent cylinder  or  engine,  and  the  circnlating  pump  centrifugal  and  worked 
by  an  independent  engine.  (6)  The  air-pump  and  circulating  pomp  combined 
and  worked  by  the  same  independent  engine,  the  latter  being  oentrifug&l  or 
reallocating. 

The  first  and  fourth  systems  are  t^e  ones  most  generally  adopted,  the 
othen  being  specialities  of  comparatively  few  engineera. 

When  me  two  pumps  ore  worked  independently  of  each  other,  each  from 
a  crosshead  by  levers,  and  are  so  arranged  that  in  cases  of  emergency  either 
can  be  used  as  an  air-pump,  the  chances  of  breakdown  are  materially  decreased ; 
likewise  the  strain  from  the  pumps  ia  distributed,  and  their  weight  tends  to 
balance  the  piston ;  but  p«r  contra  the  expense  of  working  ports  is  increased, 
and  the  number  of  parts  requiring  attention  and  liable  to  accident  is  doubled ; 
more  space  is  required,  and,  in  the  case  of  compound  engines,  the  low-pressure 
piston  requires  the  greater  counterbalance,  ao  that  it  ia  an  advantage  to 
nave  both  pumps  worked  from  it. 

If  the  two  pumps  aro  side  by  side,  their  rods  are  connected  to  a  common 
crosshead,  &C.,  thus  leaving  the  space  on  the  forward  or  after  side  of  them 
free  for  the  condenser,  and  admitting  of  mora  elasticity  in  it«  design ;  and, 
OS  is  generally  the  case,  the  pumps  are  worked  from  the  after  cylinder,  the 
condraser  ia  easy  of  access,  and  there  ia  plenty  of  space  for  the  ^bes  to  be 
drawn  in  a  fore  and  aft  direction. 

The  circulating  pump  inverted  over  the  air-pump  ia  a  very  convenient 
arrangement  for  small  engines ;  but  as  the  strains  from  the  circulating  pump 
have  to  be  taken  by  the  stand  pipes  from  the  pumps  and  the  condenser  top, 
it  is  found  to  give  trouble  in  large  engines ;  also,  when  the  ship  ia  hght,  and 
the  valves  out  of  order,  it  fails  to  pump  well ;  but  a  large  amount  of  space 
is  saved  by  this  plan,  and  it  was  at  one  time  very  frequently  found  in  ^loll 
ships. 

Horizontal  Ftimps. — In  the  horizontal  engine  the  aii^pump  was  almost 
invariably  worked  direct  from  one  of  the  piatona,  although  occasionally  it 
voa  found  more  convenient  to  obtain  the  motion  from  one  of  the  piston-rods 
of  double-rod  engines  by  means  of  a  bracket  or  arm  keyed  to  it ;  in  either 
case  the  stroke  cd  the  pump  is  the  same  as  that  of  the  engine. 
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The  ftir-pumpa  of  horuoatal  engmes  are  now  often  of  the  vetikal  lyp^ 
suiglfr«cting. 

The  borixoUtel  pomp  ia  nearly  otwayg  donb1&«oting,  about  Uie  only  case 
of  a  single«oting  pump  being  tbat  of  Messrs.  R.  Napier  A  S<»ib  in  their  old 
engines,  when  tbe  pump-plunger  formed  a  trunk  in  vbich  tlto  oounecting-rod 
worked. 

There  were  two  fonns  of  donbl&«oting  pump  in  general  use,  one  being 
an  ordinary  piston  of  brass,  packed  with  nemp  gasket,  workic^  in  a  brass 
barrel,  fitted  in  the  condenser,  and  the  oUier  ahollow-plunger  working  throngh 
a  brass  stuffing-box,  tbc,  fitted  in  tiie  division-plate  between  the  book  and 
front  sets  of  vajves. 

The  advantages  of  the  latter  plan  are,  (I)  more  room  is  given  for  the  valves 
(as  the  seats  can  be  oontinned  as  far  as  the  diviaion-plate),  witiiout  oausing 
a  large  space  between  the  head  and  foot  valves.  (2)  The  condenser-bottom 
or  pump-Dox  does  not  require  to  be  bored  oat,  as  the  stuffing*box  caa  be 
easily  fitted ;  while,  in  the  former  plan,  the  space  for  the  pump-liner  has  to 
be  bored  out,  and  the  liner  turned  to  fit  it,  and  afterwards  secured  in  place. 
(3)  The  plunger  will  be  about  the  same  weight  as  the  liner,  thereby  costing 
about  die  same  from  tlie  foundry ;  but  the  work  on  it  is  principuly  plain 
turning,  which  is  both  cheaper  and  easier  than  boring,  as  in  the  case  of  the 
liner.  (4)  Tbe  packing  can  oe  renewed  without  disturbing  the  pnmp.  On 
the  other  hand,  the  weight  to  be  moved  in  the  case  of  the  plunger  is  greater 
than  that  of  the  piston-bucket  (although  it  is  Bometimes  supported  by  the 
water),  and,  in  consequence,  besides  requiring  more  work  to  drive  it,  the 
wear  is  considerably  more,  so  that  in  oonrse  of  time  it  drops  otd  of  line,  and 
is  difficult  to  keep  tight ;  the  plunger  also  requires  more  room  at  the  back 
and  front  of  the  condenser  for  its  removal,  wtuch  in  small  ships  is  often  a 
serious  consideration.  Therefore,  on  the  whole,  tbe  plunger  system  is  the 
cheapest  and  easiest  of  design,  while  the  piston-bucket  works  best,  and  is 
most  convenient  for  examination. 

The  piston-buckete  are  made  of  bronze  (in  one  thickness  generally), 
stifiened  by  from  4  to  8  ribs ;  the  circumference  is  either  recessed  down,  so 
as  to  admit  of  gasket  being  coiled  around  it,  or  else  it  is  formed  like  a  stuffing- 
box,  and  fitted  with  a  gltuid  or  junk-ring,  secured  by  studs  and  nuts,  whi^ 
pass  throuKh  lugs  oast  with  it,  so  as  to  jam  the  packing  tight  after  it  has 
been  placed  in. 

The  Admiralty  now,  however,  always  specify  the  condenser  and  pumps 
to  be  wholly  of  brass,  the  former  being  of  the  same  composition  as  the  tubes, 
and  the  latter  of  the  ordinary  Admiralty  bronze  mixture. 

Air-pumps  are  sometimes  fitted  with  spring  rings  and  junk-rings,  similar 
to  thoee  of  a  steam-piston,  but  made  of  gun-metel  instead  of  cast-iron ;  this, 
however,  has  been  but  rarely  done,  and  then  only  in  very  large  pumps,  as  in 
ordinary  cases  hemp  packing  serves  the  purpose  very  well,  and  is  much 
cheaper.  Vertical  pumps  will  work  well  without  packing ;  but,  when  packed, 
the  packing  is  usually  Manila  rope  or  gasket  in  the  mercantile  marine,  and 
bronze  Bamabottom  rings  in  tbe  Navy. 

Tbe  diameter  of  the  horizontal  air-pump  rod  —  '16  x  diameter  of  the 
pump  +  ^inch. 

The  rods  working  in  the  pump  are  of  gun-metal  or  Muntz  metel ;  the 
Admiralty  now  prefer  the  former  or  rolled  bronze,  and  have  therefore  struck 
the  latter  out  of  their  specifications  as  being  too  soft  for  continued  wear. 
When  the  rods  are  of  large  size,  they  are  sometimes  made  of  wrought  iron, 
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cased  with  gnn-metol,  but  unless  the  rods  are  large  and  long,  it  does  not  pay 
to  case  them. 

The  rod  fittaog  into  the  steam-tiiston  is,  of  course,  of  Tronght  iron,  and 
is  connected  to  the  brass  rod  by  a  Dox-coupUng  and  cotters,  the  socket  being 
formed  with  the  iron  rod,  in  order  that  the  piston-bucket  may  he  drawn 
out  from  behind  for  examination  withont  removing  the  rod. 

The  pump-rod  is  usn&lly  fitted  into  the  bucket  in  a  similar  manner  to  that 
of  a  piston-rod,  the  t^^f  &t  the  end  being  about  1  in  12. 

Pomp  Buckets. — The  following  rales  give  the  dimensions  of  ao  ordinary 
pami^backet,  of  which  fig.  75  is  on  example : — 

«  -  0-3  X  f  D  +  0-16  inch. 

"0  is  the  diameter  of  the  pump  in  inches. 

The  thickness  of  tiie  diso  when  solid  —  I-O  x  a 

„  „  „  perforated  ■=  1-7  x  ic. 

„  „      flsjiges  at  edge  —  1-1  x  z. 

„  „       metal  around  rod  end  =  1  -6  x  «. 

„  „  „  the  rim  =  1  -0  x  «, 

„  „       packing  ••  I-l  x  ic. 

„  „      ribs  -  0-8  X  ic 

The  br^Mitb  of  the  packing  c^  4-0  x  x. 

„   depth  of  bucket  at  the  middle  —  60  x  x. 

„    number  of  ribs,  one  for  each  i  inches  of  diameter. 

The  bronze  Uner  is  usually  from  ^  inch  to  J  inch  thick,  or  its  thickness 
=  1-lx  -  0-2  inch. 

This  liner  is  let  into  the  cast-iron  bottom,  and  made  to  fit  tight  at  both 
ends,  facings  on  both  liner  and  bottom  being  formed  for  that  purpose ;  these 
facings  are  made  with  a  very  slight  taper,  so  as  to  allow  of  a  little  drato  on 
fitting  in ;  the  liner  is  then  secured  oy  brass  screws  passing  through  and 
through.  The  pump-barrels  of  vertical  pumps  are  usnalty  of  bronze,  g  to 
1  inch  thick,  secured  to  the  foundation  or  pump  bottom  by  flanges  cast  with 
them ;  the  head  valve-boxes,  &o.,  are  also  borne  on  them,  and  secured  by 
flanges  in  a  similar  manner. 

Funp  ValTBB. — The  arrangement  of  the  valves  of  an  air-pump  is  of  the 
highest  importance,  for,  as  has  been  stated,  the  efliciency  of  the  pump  te  a 
very  large  degree  depends  on  it ;  especially  is  this  the  case  with  modern  com- 
pound engines,  where  but  a  smtdl  amount  of  water  is  pumped  at  each  stroke. 
A  triple-compound  engine  indicating  2000  horse-power  uses  about  7  cubic  feet 
^f  water  per  minute,  so  that  for  a  single-acting  pump,  with  100  revolutions  of 
the  engine,  the  amount  per  stroke  is  only  121  cubic  inches ;  in  practice,  how- 
ever, the  pump  fails  frequently  to  take  this  amount,  and  so,  until  it  accumu- 
lates behind  the  foot  valves,  no  water  enters  the  pump.  Again,  a  double-acting 
pump  is  seldom  so  efficient  at  the  front  end  as  it  is  at  the  back,  and,  conse- 
quently, until  there  is  a  glut  of  water,  the  front  ceases  to  pump.  From  causes 
of  this  kind  trouble  was  often  experienced  with  the  double-acting  pump  of 
surface-condensers,  and  a  remedy  that  has  answered  very  well  indeed  in  obviat- 
ing this  is  to  connect  the  space  between  the  valves  to  the  hot-well  by  a  pipe 
about  -16  the  diameter  of  the  pump,  having  a  suction  or  non-return  valve 
fitted  to  it,  SO  that  the  pump  is  to  some  extent  continuously  charged  with 
water. 

i:,  .GOO'^IC 
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There  are  certain  oonditnona  that  should  be  moat  carefully  oheerred  in 
airangi^  Uie  valves,  and  they  are — 

(1)  ^e  foot  valve  should  be  in  such  a  podtion  Uiat  the  water  readily 
draiiis  from  the  condenser  into  the  pnmp. 

(2)  The  valves  should  be  so  deeigned  as  to  open  with  the  least  possible 
pressure  under  them,  and  still  readily  dose  on  the  return  stroke  of  tlte 
pump. 

(3)  The  flow  ^m  the  condenser  to  the  hot-well  should  be  as  direct  as 
possible ;  titat  is,  there  should  be  as  little  change  as  possible  in  the  directioD, 
and  no  obstacles,  so  that  the  velocity  generated  at  leaving  the  condenser 
should  not  be  checked  until  the  water  ia  in  the  hot-well. 

(4)  The  space  between  the  head  and  foot  valves  of  a  doubleacting  and 
tbe  head  and  bucket  valves  of  a  vertical  dngle^cting  pump  fiioald  be  a 
minimum,  and  all  recesses,  ia>.,  where  air  can  lodge  or  eddies  can  form, 
should  be  avoided. 

To  drun  the  condenser  efficiently,  the  foot  valve  should  be  below  its 
lowest  level,  and,  when  possible,  the  channel  from  it  to  the  pump  inclined  so 
that  the  water  naturally  flows  in  tliat  direction ;  aU  stiffening  ribs,  &c.,  should 
be  pla*^  oa  the  onteide,  so  as  to  avoid  gutters  in  which  Uie  water  can  lie. 

The  foot  valves  can  only  open  by  the  pressure  under  them  being  greater 
than  that  on  them,  and  when,  as  in  the  case  of  surfaoe-condensers,  the  head 
of  water  ia  not  sufficient  to  do  so,  it  depends  entirely  on  the  pump  forming  a 
better  vacuum  between  the  foot  and  head  valves  than  there  is  in  the  con- 
denser. Now,  if  there  be  a  good  vacuum  in  the  condenser,  it  requires  the 
full  efficiency  of  tbe  pump  to  produce  a  better  one  between  the  foot  and  head 
valves.  At  most  tjiere  can  be  but  little  difference  between  the  pressure  in 
the  condenser  and  that  in  the  pump-chamber,  and  if  the  valves  have  much 
resistance  in  themselves  they  will  cease  to  act.  The  full  force  of  this  ia  better 
appreciated  when  it  is  remembered  that  the  pressure  in  the  pump-chamber 
must  vary  from  slightly  above  atmospheric  pressure,  when  the  head  valves 
are  opened,  to  below  that  in  the  condenser  in  order  to  open  ihe  foot  valves. 
For  this  reason,  if  the  space  between  the  head  and  foot  valves  ia  more  than 
one-fifteenth  the  capacity  of  tiie  pump,  it  is  impossible  to  obtain  a  good 
vacuum  in  the  condenser.  This  clearance  space  ia  virtually  reduced  by  fill- 
ing it  with  water ;  without  such  virtual  reduction  very  few  horizont^  air- 
pumps  would  be  capable  of  Tim.infai.ining  over  20  to  22  inches  of  vacuum  in 


The  makers  of  the  horizontal  air-pump  usually  arrange  the  foot  valves  so 
that  they  are  either  on  a  vertical  pluie  seating  or  on  one  inclined  so  as  to 
allow  of  the  valves  opening  easily ;  some  engineers  even  invert  the  foot  valves 
80  tiiat  the  water  on  them  causes  them  to  open  so  soon  as  tbe  pressure  in  tiie 
pump-chamber  equals  that  in  the  condenser.  A  brass  box,  having  valves  on 
five  of  its  sides,  and  bolted  to  the  condenser  by  the  sixth,  so  as  to  cover  the 
outlet  orifice  from  the  condenser  to  the  pump,  is  sometimes  used.  In  this 
way  the  clearance  space  is  partly  filled,  and  five  valves  can  work  in  tbe  space 
usually  occupied  by  one ;  three  of  the  valves  are  in  vertical  pUnea  and  open 
horizontally,  the  two  others  are  in  horizontal  planes,  one  opening  upward  and 
one  downward.  Sometimes  the  inverted  valve  ia  adopted  for  foot  valves ; 
tiiese  valves  were  of  india-rubber,  circular  and  round-hacked,  so  as  to  close 
quickly  and  keep  tight  on  their  faces. 

The  head  valves  should  also  be  carefully  arranged,  for  although  not  so 
difficult  to  place  as  are  the  foot  valves,  a  little  want  of  forethought  may 
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cause  a  bad  working  pamp.  Thej  ahonld  always  be  so  arranged  tbat  water 
lodges  on  them,  bo  that  in  case  they  leak  only  water,  and  not  air,  eacapea 
back  into  the  pamp ;  the  valve  seats  and  parts  adjacent  should  be  free  from 
pockets  underneath  in  which  air  can  collect,  and  for  this  purpose  they  should 
be  in  the  highest  part  of  the  pump-chamber,  aad  if  any  part  is  partitioned 
off  by  a  stiffening  web  or  fillet,  a  communication  should  be  made  irom  its  top 
to  the  underside  of  the  head  valves. 

Since  mineral  oil  has  been  used  as  the  lubricant  for  cylinders,  ordinary 
india-mbber  ceaaed  to  be  used  for  air-pump  valves,  owing  to  tbat  oil  being 
a  solvent  of  the  rubber.  Many  attempts  have  been  made  to  manufiusture  a 
rubber  which  will  withstand  the  oil,  but  none  of  tbem  have  been  perfectly 
successful,  and  only  a  few  have  succeeded  in  preventing  the  rapid  action 
noticeable  on  nearly  pure  rubber. 

Vulcanite  TalvsB. — India-rubber  can,  by  a  certain  process,  be  converted 
into  a  hard  black  substance  resembling  ebony,  and  hence  sometimes  caUed 
tixmita  ;  this  substance  is  light  and  very  strong,  and  quite  impervious  to  oil, 
and  has  been  used  with  great  success  for  air-pump  vaJves.  The  valvee  made 
of  vulcanite  (fig.  76)  are  generally  circular  and  flat,  strung  on  a  stud  through 
the  middle,  on  which  is  a  flat  brass  guard  of  the  same  diameter  as  the  valve, 
and  against  which  the  valve  lifts  bodily.  The  wear  of  these  valves  is  very 
little  indeed. 

Wooden  YalTeS. — With  the  same  object  wooden  valves  have  been  tried, 
but  not  with  the  same  success ;  the  wood  is  not,  as  a  rule,  strong  enough 
when  light,  and  is  destroyed  by  the  combined  action  of  the  water  and  the 
blows  on  the  seat. 

Uetallic  TalvflB. — In  the  old  days  the  air-pnmp  valves  were  usually  of 
brass  and  of  large  size,  the  foot  and  delivery  valves  being  hinged  or  "  flap  " 
valves,  and  the  bucket  valve  annular.  The  flap  valve  is  still  employed 
where  the  foot  valve  is  not  accessible  or  easily  got  at,  and  answers  the  pur- 
pose very  well  indeed ;  it  should  be  of  ample  size,  and  have  very  little  lift. 

Coe  ft  Einghorn's  Patent  (fig.  77)  consists  of  tongues  made  of  very  thin 
rolled  sheet  phosphor  bronze.  These  tongues  or  flaps  cover  a  grating  in  the 
same  way  aa  india-rubber,  and  are  fitted  with  curved  guards  to  admit  of  a 
gradual  bend.  These  valves  work  very  well,  but  great  care  is  necessary  in 
making  and  setting  the  guard,  so  that  when  the  valve  is  open  there  is  no 
change  of  flexure  or  angle  on  which  the  flap  can  work  and  gradually  break. 

India-mbber  Tain  (fig.  78)  is  a  hog-l»ck  valve  made  of  rubber  of  a 
quality  to  resist  mineral  oils,  and  a  form  which  causes  it  to  shut  quickly 
and  tightly  on  its  seat;  it  is  suitable  for  suction  valves  when  placed 
horizontally. 

Thompson's  Patent  (fig.  79).— A  large  number  of  small  saucer-shaped 
valves,  of  phosphor  or  manganese  bronze,  oast  very  thin  indeed,  are  some- 
times fitted,  and,  being  very  strong  and  comparatively  light,  do  the  work 
very  well.  Single  discs  of  thin  sheet-brass  or  bronze  have  also  been  used 
for  this  purpose  with  success.  Thin  discs  of  brass  are  often  used  ;  they  are 
inexpensive  and  work  very  well.     Discs  of  fibre  also  answer  very  well. 

The  valve  shown  in  fig.  80  is  simply  a  tbin,  metallic  disc  without 
stiffening  of  any  kind.  When  very  little  lift  is  given  to  this  valve  it 
works  very  well,  and  rarely  gets  out  of  shape  sufficiently  to  be  seriously 
inefficient.  It  is  sometimes  fortified  by  a  second  and  a  third  thin  disc,  each 
one  smaller  than  the  one  on  which  it  is  superposed,  and  having  holes 
tiirongh  it  on  a  circle  of  less  diameter  than  those  in  the  diao  below  it. 
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In  this  my  the  low«r  diao  permita  Wftter  to  flow  around  iti  edge  uid 
throngh  the  holes  ia  it,  »nd  when  cloaed  the  hole*  i&  it  ue  covered  hj  the 
next  disc  above  it 


Fig.  80.— Flat  Disc  V«1to. 


Fig.  79.— AimnlM-  Vftlve. 


Figs.  TB-81. — Air-pump  Bnckete,  TalTca,  to.  ^ 
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beldim'l  Patent  TbIts  (fig.  81). — In  this  cue  the  valves  are  made  of 
Verj  thin  sheet  metal  and  sAffenJed  fay  a  series  of  circular  oorragations. 
This  valve  has  answered  the  purpose  very  well,  for,  while  maintaining  an 
even  flat  surface  to  cover  the  seat,  it  is  elastic  and  can  give  under  an  unfair 
pressure  and  return  to  its  normal  form  without  permanent  distortion. 

Area  through  Valve  Seats. — The  area  of  opening  past  the  valves  depeods 
on  the  sise  and  velocity  of  the  pump,  and  should  not  be  less  than  will  admit 
the  full  quantity  of  water  for  jet  condensation  at  a  velocity  not  exceeding 
400  feet  per  minute.  In  actutu  practice  the  area  waa  generidly  in  excess  of 
this.  If  the  foot  valves  are  large  they  will  be  sluggish  in  action ;  if  they 
are  small  the  velocity  of  water,  ke.,  will  be  soffieiantly  high  to  raise  the 
valves  and  keep  them  open  b^  th«  energy  of  the  particles  striking  them  ; 
this  argument  especially  apphea  to  the  pumps  of  surface  condensers.  It 
may  be  noted  that  the  vertical  pumps  of  tiie  old  jet-condensing  engines 
were  frequently  without  foot  valves. 

If  D  be  the  diuneter  of  the  air-pump  in  inches,  and  S  its  speed  in  feet, 


1000 


Area  through  foot  valves 

D*  X  S 
Area  through  head  valves      =  — oAn~  square  incbea. 
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when  the  use  of  the  "jet "  is  not  possible,  the  area  may  be  less  than 
given  by  this  calculation  by  30  per  cent.,  and  the  discharge  pipe  about  half 
the  diameter  given  by  the  above  rule. 

If  the  pump  is  without  on  air  vessel  or  receiver,  as  is  often  the  case 
with  double-acting  pumps,  the  diameter  of  discharge  pipe  should  be  10  per 
cent,  larger. 

An  air-pipe  should  always  be  fitted  to  the  hot-well,  as  high  up  as  possible, 
and  its  diameter  should  be  \  that  given  above. 

The  bucket  of  a  single-acting  pump  must  be  siifSciently  large  to  admit 
of  a  valve  area  through  it  not  less  than  given  above.  To  obtain  this,  they 
are  better  designed  with  a  short  stroke.  It  is  usual  now  and  certainly 
advisable  to  deliver  the  water  from  the  air-pump  into  a  tank  about  12  times 
the  capacity  of  the  pump  ;  the  delivery  pipe  is  in  diameter  0'7  that  given 
above.  The  &ir-pipe  of  the  tank  should  be  about  half  the  area  in  section. 
The  tank  should  have  an  overflow  pipe  and  a  gloss  gauge.  The  suction  for 
the  feed  pumps  Bboutd  be  near  the  bottom  and  fitted  with  a  strainer. 

Circafatlng  Pomps. — Two  kinds  of  pumps  are  employed  to  circulate  the 
cooling  water  in  the  condenser — the  ordinary  single-  or  double-acting 
reciprocating  pump,  and  the  rotary  pump.  The  single-acting  pump  ia 
usually  fittM  to  small  engines,  and  the  double-acting  to  larger  ones.  The 
latter  is  preferable  to  the  former — but  more  expensive.  They  are  generally 
worked  by  the  main  engines,  but  sometimes  b^  independent  ones. 

Single-acting  Pamp. — This  is  used  in  vertical  engines,  and  is  similar  to 
the  ungle-aoting  air-pump  already  described.     It  works  very  well,  andf 
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when  provided  with  an  efficient  air-Tessel,  the  flow  is  fcirly  ateftdj.  In  Very 
small  engines  &  plnnger-pump  ia  used,  &nd  formerly  inverted  plunger-pain ps 
were  fitted  to  engines  of  considerable  power.  A  good  pet-valve,  which  will 
admit  air  to  the  pump  and  not  allow  Uie  water  to  pass  out,  should  be  fitted  ; 
and  likewise  a  pass-oock,  wbioh  opens  a  communication  between  the  delivery 
and  suction,  ia  a  requisite ;  the  former  prevents  noise  by  providing  an  air 
cushion  for  the  water,  and  the  latter  ohecks  the  anpply  without  straining 
the  pump. 

Donble-acting  Pumps. — These  give  a  steadier  flow  of  water,  and  cause 
less  shock  and  strain  on  alt  the  working  parU,  pipes,  &&,  than  do  the 
single-acting  pumps ;  but  even  these  should  be  fitted  with  pet-valves  and 
pass-cocks.  When  a  reciprocating  pump  ia  used  for  circulating  water  in  m, 
horizontal  engine,  it  ia  always  double-acting,  for  the  same  reason  that  the 
air-pump  ia  so,  and  when  thia  kind  of  pump  is  used  for  vertical  engines  of 
160  N.H.P.  and  upwards,  it  should  be  double-acting. 

Size  of  Ciroolating  Pump.— The  oapaoity  of  this  pump  depends  on  the 
quantity  of  cooling  water  and  the  number  of  strokes  per  minute. 

Let  Q  be  the  quantity  of  cooling  water  in  cnbio  feet,  and  n  the  number 
of  strokes  per  minute,  and  S  the  length  of  stroke  in  feet. 

Capacity  of  drcnlatdng  pump  ^  —  cubic  feet 


Diameter 


-  13-65  , 


Example. — To  find  the  diameter  of  a  double-acting  circulating  pump  of 
an  engine  condensing  2  cubic  feet  of  water  per  minute,  and  requiring  10 
times  the  amount  of  cooling  water ;  the  stroke  of  the  pump  is  18  inches, 
and  the  number  of  revolutions  120  per  minute. 

Here 

Q  -  40  X  2  or  80  cubic  foet;  »  -  120  x  2  or  240, 


Diameter  of  pump  =  13*66 


/ 
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The  size  of  the  circntating  pump  is  to  a  large  extent  dependent  on  the 
same  conditions  that  determine  the  size  of  the  air-pump,  and  may  therefore 
bear  a  constant  relation  to  the  aise  of  the  air-pump  ;  and  since  the  sise  of 
the  air-pump  ia  often  determined  by  the  size  of  the  cylinders,  that  of  the 
circulating  pump  may  be  found  in  a  similar  manner.  When  the  circulating 
pump  is  tingle-aelin^,  the  capacity  should  be  0'038  of  that  of  the  low-pressure 
cylinder,  and  when  the  circulating  pump  is  dot^>le-aating,  0'021. 

TABLE   XXI. 


,>^^«^,. 

B«Ua. 

Single-Mling, 
Diible-  ", 

Expansive  IJ  to  2  timos,    ■        -        .        - 

Expinsive  U  to  2  timM,    .... 
3   to6     „        -        -        .        - 

13t«ia 
20  to -26 
20  to  3a 
26  to  30 
36  to  46 
46toC6 
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WLen  ths  &ir-puinp  is  double-aetittg,  the  capacity  of  the  doubh-aeting 
oircnlating  ptmip  should  be  0*52  of  that  of  the  air-pump,  the  double-acting 
circniating  pump  being  more  efficient  than  the  double-acting  air-pump. 

Table  xxi.  gives  the  ratio  of  capacity  of  cylinder  or  cylinders  to  that  of 
the  circulating  pump. 

Circulating  Pump  Bods  are  made  of  the  lame  materiaU,  and  in  the  same 
way  as  for  the  air-pamp,  and  when  possible  the  rods  of  both  pnmps  are 
made  identically  alike,  so  that  one  spare  rod  serves  for  both. 

Diameter  of  circulating  pump-rod  =  0'22  x  diameter  of  pump. 

When  the  pump  is  donble-acting,  or  of  comparatively  long  stroke, 
>a  022  X  diameter  of  pamp  -4-  1  inch. 

Ciicolatiiig  Pomp  BncKet — When  single-acting  it  is  similar  to  that  of 
the  (ur-pnmp,  and  when  double-acting  it  is  simply  a  piston  of  brass. 

Altboagh  it  ia  usual  to  pack  these  pumps  with  hemp  .gasket  or  bronse 
rings,  there  is  no  necessity  for  this,  since  the  water  3ows  freely  into  the 
pump  by  gravity,  and  the  pump  moves  too  quickly  to  allow  of  much  leakage 
past  the  piston.  Many  engineers  now  dispense  with  packing,  and  simply 
make  the  piston  a  fairly  good  fit  in  the  barrel ;  while  others  turn  either  a 
spiral  groove,  or  a  series  of  parallel  grooves,  on  the  edge  of  the  piston, 
which  has  the  effect  of  keeping  the  surface  well  Inbricated  and  preventing 
leakage  tchen  working.  The  friction  of  the  unpacked  pump  is  considerably 
less  than  that  of  a  packed  one,  and  in  &st-running  engines  this  is  no  slight 
consideration.  It  may  be  taken  now  as  certain  that  it  is  better  not  to 
pack  the  oiroalating  pump  of  a  fast-working  screw  engine,  and  packing  is 
of  donbtfol  advantage  when  the  engine  ia  slow-working,  provided  the  pump 
is  below  the  water-line. 

Since  brass  and  lignnm  vitoe  work  well  together  when  lubricated  with 
water,  the  piston  of  the  circulating  pamp  is  sometimes  fitted  with  a  lignum 
vitn  ring,  composed  of  several  pieces  let  into  a  dove-tail  groove.  To  allow 
for  the  expansion  of  the  wood,  the  piston  should  be  a  slack  fit  when  put 
into  place  new. 

Circniating  Pomp  Valves. — These  are  almost  always  of  the  best  india- 
mbber,  and  of  the  quality  known  as  "  fioating,"  from  the  fact  of  the  speoiflo 
gravity  of  rubber,  with  only  such  slight  admixture  of  foreign  matter  as  to 
render  it  usable,  being  leas  than  that  of  water. 

Valve  Area. — The  clear  area  through  the  valve  seats  and  past  the  valves 
should  be  such  that  the  mean  velocity  of  flow  does  not  exceed  450  feet  per 
minute.  It  is  not  always  easy  to  obtain  so  large  an  area,  but  when  the 
velocity  of  flow  is  high  the  valves  wear  out  more  quickly,  and  the  resistance  of 
the  pump  is  considerable,  so  that  every  efibrt  should  be  made  in  this  direction. 

The  pipes  should  be  of  such  a  size  that  the  mean  velocity  of  flow  through 
tbem  does  not  exceed  600  feet  per  minute  when  comparatively  small,  and 
long  for  their  size;  when  l&rge,  and  having  fairly  easy  leads,  the  allowance 
may  be  as  mnoh  as  600  feet.  The  suction  pipe  of  a  donble-acting  pump  should 
be  of  the  same  rize  as  the  delivery  pipe,  but  it  may  be  considerably  smaller 
when  the  pump  is  single-acting  and  below  the  water-level. 

Diameter  of  Snctun  Pipes  for  circulating  pumps  may  be  obtained  as 
follows,  when  the  cooling  water  per  I.H.F.  per  minute  is  not  more  than 
8  pounds,  and  the  velocity  of  flow  as  above : — 

Diameter  in  inches  «•   */      aK      *  k  ''w'** 
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This  mfty  be  oaed  for  oentrifag&l  pnmps,  as  also  for  good  donbl&Actiiig 
pompft. 

Let  A  be  the  areA  of  the  pump.  I>  its  diameter  in  inches,  S  the  mean 
speed  of  movement  in  feet  per  minnte ;  then 

Area  past  the  valTes  is  not  less  than  ■    ...   . 
'  460 

Diameter  of  pipes  —  -=  -JS. 

Snotion  pipe  of  small  double-addng  pomp,    -        -        P  =  32. 


Deliveiy 

Suction  „  large  „ 

Delivery  „  „  „ 

Suction  „  small  single^cMng, 

Delivery  „  „  „ 

Suction  „  large  „ 

Delivery  »  »  „ 


F- 

F-2*. 

F 

F 

F 

P 


Both  kinds  of  pumps  should  have  air-veuels,  and  the  single-acting  pnmp 
should  have  one  twice  the  capacity  of  thepomp  when  possible,  and  never  leas 
than  one-and-a-half  times  its  capacity.  When  the  water  is  pumped  through 
the  tubes,  the  doors  of  the  condenser  may  be  made  with  pocketa,  which  serve 
as  air-vessels  in  forming  a  ooshion.  Air-pipes  should  be  fitted  to  the  highest 
points  of  the  waterways,  when  the  water  is  pnmped  into  the  condenser,  to 
allow  the  air  to  escape,  so  that  it  may  run  full,  and  always  allow  water  to 
be  in  contact  with  the  tubes. 

Botuy  Pumps. — There  are  one  or  two  forms  of  rotairy  pump  which  have 
been  tried  for  the  purpose  of  circulating  the  cooling  water,  out  only  the 
centrifugal  pump  aoaieved  perfect  success. 

The  advantages  of  the  rotary  pump  are — 

(1)  There  are  no  valves,  Ac,  to  interfere  with  the  flow  of  water,  or  to 
get  out  of  order. 

(2)  Being  easily  worked  by  an  independent  engine  of  small  sise,  it  ia 
usually  so  provided,  and  can  be  then  started  before  the  main  engines  are 
moved,  and  so  keep  the  condenser  cool  during  the  process  of  "  warming 
through  "  the  cylinders,  &c,  and  also  while  standing. 

(3)  Having  this  independent  engine,  the  supply  of  cooling  water  ia  varied 
to  suit  the  varying  circu Distances,  and  the  power  required  to  work  the  pump 
varies  then  with  the  quantity  of  water. 

(4)  The  efficiency  for  low  lifts  is  greater  tii&n  that  of  a  reciprocating 
pump. 

(5)  The  supply  of  water  is  continuous,  and  enters  the  condenser  without 
shock,  thereby  putting  no  strain  on  the  castings,  pipes,  Ac,  beyond  tJiat  due 
to  the  "  head. ' 

(6)  It  is  easily  placed  in  the  engine-room,  and  the  absence  of  a  recipro- 
cating pnmp  worked  by  the  engine,  especially  in  a  borizontol  engine,  admits 
of  a  better  design  and  arrangement  of  oondenser  and  air-pump. 

On  the  other  hand,  the  centrifugal  pump  is  somewhat  more  expensive 
than  an  ordinary  pump,  and  requires  more  attention  when  at  work ;  the 
latter  objection  is,  however,  now  considerably  lessened,  although  only  by 
increasing  the  former. 


OmTBIFDOAL  PUHT.  366 

CentrifOgal  Pomp.— Tbia  euentiAllj  consiate  of  a  wheal  (fig.  83)  having 
thin  Tane«  as  arms,  which  act  on  the  water  lo  a>  to  gire  it  a  oiroular  motion 
in  a  oylindrioal  cam  ancloaing  the  wheel ;  this  caae  ii  proridAd  with  an  en- 
larged charober  around  it,  into  which  the  water  from  the  wheel  ii  whirled, 
ana  from  which  it  BBoapeB  through  a  branch  tangential  to  it. 

The  principle  on  which  this  pomp  work*  is,  that  a  particle  moving  in  a 
oircnlar  path  Ia  under  ^e  action  of  two  foroea,  one  tangential,  and  the  other 
normal  to  ita  path,  or  at  right  angles  to  the  tangenti*!  one  ;  when  this  latter 
force  ceases  to  act,  the  particle  moves  away  in  a  path  tangential  to  the 
circle  at  the  point  where  the  retaining  force  ceased  to  act.  In  the  centri- 
fngal  pnmp,  the  particles  of  water  flowing  into  the  centre  of  the  pnmp 
are  gradnallv  pat  into  motion  and  whirled  ronnd  until,  after  a  spiral  oourae, 
they  arrive  m  the  outer  channel,  and  there  are  retained  in  a  circular  course 
till  they  reach  the  outlet,  where  the  retaining  or  normal  foroe  ceases,  and 


Fig.  B3.— Wheel  of  a  Ceatrifagal  Pomp. 

they  fly  away  tangentially  through  the  outlet  The  vanes  of  the  wheel  are 
Bometimea  enclosed  between  two  discs  of  thin  metal,  to  which  they  are 
attached,  or  they  fit  closely  to  the  aides  of  the  case  in  which  they  work. 

Experience  has  shown  that  the  beat  form  of  wheel  ia  one  whose  vanes  are 
aickle-shaped,  as  shown  in  fig.  82,  and  there  ia  leas  resistance  if  the  vaneafit 
the  pump-case  instead  of  having  the  eacloaing  discs,  inasmuch  as  these  latter 
have  cooaiderable  friction  on  their  surfaces,  especially  on  that  next  the  pnmp- 
case. 

The  outer  passage,  or  uAiri  ehambtr,  ia  usually  farmed  like  a  snail,  so 
that  its  sectional  area  gradually  increases  from  nearly  nothing  to  the  full 
area  of  tbe  discharge  pipe. 

The  inlet  pipe  leads  from  the  outer  rim  to  the  centre  of  tbe  pump,  having 
generally  a  passage  on  either  side,  so  that  the  water  is  delivered  on  both 
aides  of  the  wheeL  For  convenience  these  pumps  are  aometimes  designed 
now  with  tiie  iqlet  at  one  side  only. 
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The  diuneter  of  the  iniek  and  outlet  pipes  of  a  centrtfiig&l  pnmp  for 
oirenlating  pnrpoaea  ahould  be  each  that  the  velocity  of  flov  does  not  exceed 
400  feet  per  minate.  Heuoe,  if  W  ia  the  qoantity  of  water  in  gallons  per 
minute. 

Diameter  of  pipes  in  indies  -  -Vi^- 

For  triple  and  qnadrnple  engines  the  following  mis  gives  ample  size  i — 

Diameter  of  pipe  in  inches  —  jJ    '  ~    '. 

O  —  20  for  all  ships  liable  to  be  employed  in  the  tropics. 
C  ■•  3i  for  ships  employed  only  in  temperate  zones. 

The  diameter  of  the  fan-wheel  is  usually  from  2^  to  3  times  that  of  the 
pipes,  and  always  is  such  that  the  velocity  at  its  periphery  at  full  speed  ia  in 
excess  of  400  feet  per  miaute,  and  generally  from  460  to  600  feet.  Hence, 
if  R  be  the  number  of  revolations  of  the  &n-wheel  per  miuute,  and  d  its 
diameter, 

1700 
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The  diameter  in  inches  must  not  be  less  than  > 

W 


Breadth  of  blade  at  tip  <>  „ 

The  blades  are  curved  as  shown,  that  the  water  on  entry  may  be  grads- 
ally  set  into  circular  motion,  and  caused  to  flow  into  the  whirl  chamber  with 
as  little  force  as  possible,  and  to  leave  the  fan  also  gently. 

The  size  of  the  cylinder  for  driving  tiie  fan  can  be  calculated  from  tha 
usual  conditions;  in  prsctioe  its  diameter  is  generally  2-8  i^diameter  of  pipes^ 
and  its  stroke  0-36  tiie  diameter  of  the  fan.* 

The  fan  should  be  always  of  bronze,  and  made  as  thin  as  possible  in  the 
blades ;  the  spindle  should  be  of  bronze  or  steel  cased  with  gun-metal.  The 
Admiralty  require  the  spindle  to  be  cast  solid  with  the  fan.  No  doubt 
there  is  considerable  danger  of  the  fan  working  loose  if  not  well  fitted  and 
secured  to  the  spindle.  This,  however,  can  be  done  with  care  when  a  forged 
or  other  strong  form  of  spindle  can  be  used,  whereas  by  the  Admiralty 
method  only  a  casting,  with  possible  spongy  places,  is  allowed. 

As  these  pumps  are  aoruetimes  required  to  pump  out  the  bilges  and 
ballast  tanks,  it  is  usual  to  fit  some  means  of  exbaualing  the  wheel-case  of 
air,  so  as  to  cause  the  water  to  flow  up  into  it,  as  the  fan  has  no  sucking 
power,  and  will  not  draw  until  fully  charged  with  water.  Messrs.  J.  &  H. 
Gwynne  usually  fit  a  small  rotary  exhauster,  worked  by  means  of  a  belt 
from  the  spindle;  and  other  makers  of  these  pumps  fit  a  small  steam- 
ejector  on  the  same  principle  as  Kodgers'  vacuum  blower.  When  no  such 
special  means  is  provided,  the  pump  may  be  charged  from  the  sea,  and  the 
sea  inlet  left  slightly  open  until  the  pump  begins  to  draw  from  the  bilge  or 
tanks.  In  the  Navy  the  circulating  pumps  are  arranged  to  draw  from  the 
bilges ;  for  this  purpose  tbrottle- valves  are  fitted  to  the  suctions,  so  that  the  - 

*  Large  pumps  should  have  compound  eugfnee  with  a  low-preosnre  oylinder  of  the 
size  thus  oaloidated ;  the  high-pressure  ojlinder  should  be  half  the  diameter  when  th^ 
'    "  «  is  120  Ihe.  anil  upw&rds. 
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■sft  rapnlf  maj  be  initantlj  ihut  off  uid  the  bilge  tomecl  <m,  this  method 
hftTing  been  foand  the  moHt  succeufal  for  this  purpose. 

Fetd>pampB. — The  dnty  of  the  feed-pump  u  to  aupplj  the  boiler  with 
sufficient  water  to  meet  its  wanta.  It  ia  nipplied  from  the  hot-well,  (o  that 
when  there  is  &  aurface  condenser  its  supply  is  fresh  water,  and  the  amount, 
under  ordinary  circumstances,  is  the  same  aa  that  evaporated  in  the  boiler ; 
but  owing  to  leakage  and  waste  by  blowing  the  steam  whistle,  or  using  an 
auxiliary  engine  which  exhausts  into  the  air,  the  quantity  of  water  con- 
densed is  not  always  sufficient  to  make  up  for  that  evaporated.  It  is  fonnd 
necessary  also  occasionally  to  blow  some  of  the  water  out  of  the  boiler,  to 
get  rid  of  scum  floating  on  the  surface  of  the  water,  and  this  waste  must  be 
made  good  by  a  supply  ftom  the  sea  or  elsewhere.  The  water  from  a  jeb 
condenser  is  very  nearly  as  salt  as  sea-water,  and  this,  on  being  evaporated 
in  the  boiler,  leaves  behind  the  salt,  &o.,  so  that  unless  some  preoantions 
were  taken  Ute  holler  would  in  time  become  filled  with  solid  matter.  To 
prevent  such  a  large  deposit  of  salt,  &c.,  in  the  boiler,  it  was  customary  to 
blow  oat  some  of  the  very  dense  water  from  the  boiler  at  fixed  intervals, 
and  as  the  blow-off  cock  was  situated  near  the  bottom  of  the  boiler  a  con- 
siderable amount  of  solid  matter  was  thus  got  rid  of;  the  quantity  of  water 
blown  out  was  made  up  by  an  extra  supply  &om  the  hot-welL  Now,  since 
the  Bur&ce  condenser  might  leak,  or  an  accident  might  happen,  whereby 
jet  condensation  had  to  be  resorted  to,  the  pumps  of  engines  fitted  wiUi 
surface  condensers  were  formerly  made  sufficiently  large  to  do  duty  under 
such  circnmstaneee. 

86a>water  contains  abont  ^  of  ita  weight  of  solid  matter*  in  solution  ; 
its  density  is  measured  by  a  hydrometer,  which  in  the  Navy  is  marked  with 
degrees,  so  that  when  floating  in  pure  water  the  tero  point  is  at  the  surfaoe, 
and  when  in  clean  sea-water  it  marks  10°.  In  the  merchant  service, 
engineers  are  accustomed  to  speak  of  the  density  by  the  number  of  ounces 
of  solid  matter  to  the  gallon,  sea-water  containing  5  ounces  to  the  gallon. 

Gross  Feed-water. — To  find  the  gross  amount  of  feed-water,  it  must  be 
deoided  to  what  degree  of  saltness  the  water  in  the  boiler  may  be  safely 
worked  The  amount  of  scale  or  salt  deposited  on  the  surface  of  the  boiler 
dom  not  d^pmd  on  tht  d^ntUjf  of  lh»  wattr,  bnt  <m/y  on  the  quantitif  ^MO-wUar 
aumponUad  in  th«  boiler;  the  boiler  of  a  surface-condensing  engine  may  be 
worked  with  perfect  sal^ty  and  with  economy  when  the  water  is  four  tunes 
the  density  of  sea-water,  when  the  naval  hydrometer  registers  40*  and  the 
■lereautile  SO  ounces ;  indeed,  the  Boiler  Committee  appointed  by  the 
Admiralty  in  1873  recommend  such  boilers  to  be  worked  at  45",  and  those 
of  jet  condensing  at  30*. 

Het  Feed-water. — The  net  feed-water  ia  that  quantity  required  to  make 
tip  for  what  has  been  used  as  steam  in  the  engine  and  its  auxiliaries ;  let 
Uiis  be  denoted  by  Q ;  let «  be  the  namber  of  timea  the  saltneas  of  the  water 
in  the  boiler  is  to  that  of  sea-water,  then 

The  gross  feed-water  — j  x  Q. 

This  is  the  amount  of  feed-water  which  must  be  pumped  into  the  boiler 
when  salt  water  only  is  used,  to  maintain  the  saltneae  of  ft  times  that  of 
the  sea. 

«  na-water  ooDlaios  ody  about  A  of  its  weight  d  solid 
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If  the  pomps  were  ool;  of  sufficient  sue  to  pamp  tiiis  amonnt  of  wftter, 
a  considerable  time  would  elapse  before  ike  boiler  would  be  filled  to  tlie 
working  level  after  "  blowing  off" ;  to  meet  this  objection  it  is  nanal  to  make 
Mch  feed-pamp  capable  of  pumping  twice  this  quantity,  therefore 

2  n 
Quantity  of  water  fbr  eaoh  pomp  to  mpplf  -  ^  _-^  x  Q. 

SaompU. — An  engine  condenses  S  cabio  feet  of  water  per  minnto  in  a 
jet  condenser,  the  stroke  of  the  feed-pnmp  ia  18  inches,  and  the  nnmber  of 
strokes  ISO  per  minute.    The  densit;  of  the  water  in  the  boiler  is  not  to 

exceed  ^  (SO*,  or  \b  onnoes  to  tlie  gallon).     Here 

The  gross  feed-water  -  STTT  *■  ^  -  ^  "^^^'^  ''^^ 

The  quantity  of  water  to  be  pumped  —  x t  x  2  —  6  onbio  feet. 

The  capacity  of  the  pump  ~  rsra  or  006  onbio  foot. 

And  since  the  stroke  is  1*0  feet — 

Area  of  plunger  -  0-06  +  1-B  -  0-033S  square  foot 

E  0-0333  X  144,  or  4'8  sqnare  inches. 
Therefore,  diameter  of  plunger  is  2-5  inches. 

Since  a  Borboe  condenser  supplies  pure  water  for  feeding  the  boiler,  and 
the  wasto  is  now  made  np  with  fresh  water,  either  oarried  in  the  tanks  or 
distilled  from  sea-water,  there  is  not  the  same  need  for  blowing  off  the 
boilers,  the  feed-pumps  may  be  very  much  smaller  than  when  jet  con- 
densation is  practised,  and  are  generally  of  such  a  size  when  worked  by  the 
main  engine  that  aaeh  is  capable  of  delivering  three  times  the  ntt  faod- 
uofar,  assuming  them  to  have  an  efficiency  of  1-0;  the  pnmps,  when  both 
are  working,  can  then  deliver  six  times  the  net  feed,  which  is  sufficient  to 
satisfy  the  demands. 

If  Q  be  the  quantity  of  net  feed-wator  in  cubic  feet,  I  the  length  of 
stroke  of  feed-pnmp  in  feet,  and  n  the  number  of  strokes  per  minute. 

Diameter  of  each  feed-pump  plunger  in  inches  —   */ i-- 

If  W  be  the  net  feed- water  in  pounds — 

Diameter  of  each  feed-pump  plunger  in  inches  o   */ =-. 

The  following  empirical  formula  -will  give  such  eisea  as  will  be  found  in 
practice,  and  which  will  closely  approximate  to  those  given  by  the  above 


-                 ,       ,    -     ■                  capacity  of  cylinder 
Capacity  of  eaoh  feed-pump  = ~— ^^ . 
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The  foUoving  are  tbe  nlaea  of  0  when  the  engins  U  snrfcod-oondAtkdng : — 

Termuial  preuura  nndw  25  lbs., 0  -  220. 

20  Ibi 0-250. 

15  IbB., 0  =  320. 

121  Iba. 0  -  380. 

„         10  IbB. 0  -  440. 

Componad  engines  generally  (tftlEing  LP.  cylinder  only),  0  —  400. 

The  net  feed-water  in  cnbio  Ceet  per  stroke  ii  approximately  —  ai'ea  of 
piston  ia  inches  k  stroke  in  feet  x  auolate  pressure  at  release  -!-  3,125,000; 
or, 

Net  feed-water  in  pounds  per  stroka  approximately  —  area  of  piston  in 
inches  x  stroke  in  feet  x  absolate  presanre  at  release  -f  50,000. 

Example. — To  find  the  net  feed-water  in  cubic  feet  for  an  engine  whose 
cylinder  is  60  inches  diameter,  and  length  of  stroke  2  feet,  the  pressure  at 
release  being  12  lbs.,  and  the  reTolntiona  100  per  tninate. 


3,126,000 


'■  -  301. 


All  engines  over  80  N.H.F.  should  have  two  feed-pumps,  each  capable  of 
sapplying  the  boilers  when  the  engines  are  at  full  speed ;  and  each  pnmp 
should  be  so  arranged  that  it  may  be  worked  quite  independently  of  the 
other,  and  easily  put  out  of  action  when  not  required.  This  latter  condition 
is  seldom  complied  with  in  practice ;  but  if  it  were  so  there  would  be  then  a 
spare  pnmp,  tmd  only  one  in  danger  of  derangement  when  the  engine  is  at 

In  the  horizontal  engine  the  pumps  are  worked  either  from  the  cross- 
head,  or  direct  from  the  piston,  by  means  of  a  rod,  conseqaentty  they  have 
the  same  stroke  as  the  piston ;  the  former  plan  is  preferable  as  being  cheaper, 
and  avoiding  an  additional  stuffing-box  in  the  cylinder.  The  feed-patups  of 
vertical  engines  are  UBually  moved  by  the  same  parts  which  move  the  air  and 
circulating  pumps.  They  are  sometimeH  fixed  to  the  crosahead  of  these  latter 
pnmps,  and  sometimes  driven  from  studs  in  the  sides  of  the  rocking  levers. 
When  there  is  only  one  set  of  rocking  levers  this  latter  plan  should  be 
adopted ;  for  by  placing  one  pump  on  each  side  of  the  lever  centre  they 
deliver  alternately,  and  give  a  steady  flow  of  water.  In  the  Navy  the  use 
of  feed-pumps  worked  by  the  main  engines  is  entirely  discontinaed,  and  in 
the  mercantile  marine  it  is  fast  becoming  the  practice,  especially  in  larga 
ships,  to  feed  the  boilers  by  an  independent  pnmp,  and  generally  a  self- 
regulating  one.  In  fact,  with  all  fast-running  engines  the  feed-pamps  are 
better  detached  from  them  and  worked  with  absolutely  independent  auto- 
matically-controlled engines,  so  that  the  supply  of  water  is  steady  and 
not  intermittent,  and  exactly  in  accord  vitli  the  demand.  The  usual  plans 
are  the  same  in  principle,  though  differing  in  detail.  The  water  is  delivered 
from  the  hot-well  to  a  receiving  tank  by  the  air-pnmp  in  the  mercantile 
marine,  by  a  special  pump  in  the  Navy.  The  feed-pnmps,  two  in  number 
and  in  duplicate,  draw  from  this  tank  at  a  uniform  rate  under  normal 
circumstances,  but  if  the  supply  in  the  tank  fails  the  pomps  are  slowed 
down  and  stopped  by  a  float  arrangement  connected  to  their  stop  valves. 
If  the  feed  is  wholly  or  partially  shut  off  in  the  boiler-room  we  extra 
load  on  the  pomps  slows  them  down,  and  eventnaUy  stops  them  if  "feed" 
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is  that  offl  A>  a  rule,  only  one  of  theae  pumpi  worlca  at  a  time,  and  u 
capable  of  sapplying  two  to  three  times  the  net  fud  when  working  foil 
■peed. 

Belief  Valrei  should  be  fitted  to  each  pump  when  worked  bjr  the  main 
engine,  when  they  are  bo  arranged  that  each  maj  work  separately ;  when 
they  both  deliTOr  into  a  common  pipe,  one  relief  valve  is  sufficient ;  it 
ihonM  be  loaded  to  1)  times  the  boiler  presanre. 

VaheB  tad  Talve-Dozes  shonld  always  be  of  bronse ;  and  since  the  seats  as 
well  as  the  valves  wear  ont  rapidly,  they  shonld  be  made  separately  from  the 
box  casting.  The  valves  should  have  a  seating  area  equal  at  least  to  20  per 
cent,  of  the  valve,  and  it  is  better  to  make  them  flat  rather  than  conical 
Some  engineers  use  brass  balls  fitting  into  conical  seats ;  since  they  are  con- 
stantly changing  their  position  on  the  seats  these  balls  wear  very  slightly 
and  keep  very  tight.  When  the  boiler  pressure  did  not  exceed  30  lbs.,  the 
valves  of  the  feed-pumpa  vrere  nsnally  made  of  india-rubber  j  and  American 
engineers  still  employ  this  material  notwithstanding  the  increased  preesare. 
If  the  rubber  is  thick  and  capable  of  withstanding  the  action  of  mineral  oil, 
no  doubt  it  will  work  well ;  tmt  so  much  reliance  cannot  be  placed  on  it  as 
on  the  metal. 

Bron>e  valves  (fig.  T9)  make  a  noise  when  working,  owing  to  the  qtii<^ 
return  to  their  seats  on  the  pump  oessing  to  deliver ;  attempts  have  been 
made  to  reduce  the  noise  and  wear  in  various  ways.  The  noise  of  the  valves 
may  be  stopped  by  loading  them  with  light  springs  made  of  steel  and  plated, 
or  of  hard  brass.  Several  small  valves  with  little  lift  is  found  bo  be  more  satis- 
footory  than  one  lai^e  one ;  for  example,  to  obtain  sufficient  area  through  the 
seats  of  six  valves  to  take  the  place  of  one  4  inches  in  diameter,  each  would  be 
Ift  inches,  giving  the  sum  of  the  perimeters  306  inches  against  the  12-56  inches 
of  the  4-inch  valve.  It  follows,  then,  that  if  the  single  valve  lifted  half  an 
inch,  the  small  one  need  only  lift  one-fifth  of  an  inch.  Snoh  small  vslvee  must 
be  made  of  forged  Stone's  or  manganese  broote,  carefully  formed  so  that 
there  is  no  groove  or  niok  to  form  a  starting  point  for  a  oraok,  as  the  tails 
quickly  break  off  by  the  "  jar  "  on  seats  and  stops. 

Alr-veaaels. — Each  pump  should  be  hmished  with  ui  air-vessel  which  may 
serve  the  double  purpose  of  providing  a  cushion,  and  oollecting  the  free  air 
fivm  the  feed-water,  which,  when  sea-water  is  used,  is  the  active  agent  in  pro- 
ducing corrosion  when  admitted  to  the  boiler.  To  increase  its  usefulness  in 
the  latter  capacity,  a  fine  grating  should  be  fitted  to  the  inlet  orifice,  which 
will  "spray"  the  water,  and  so  separate  the  air,  and  a  relief  valve  should  be 
fitted  to  the  top  of  the  vessel,  loaded  to  a  pressure  slightly  below  that  obtain- 
ing when  the  pump  is  delivering  at  its  maximum  rate,  but  arranged  to  dose 
when  the  vessel  is  nearly  full  of  water.  Air-vessels,  however,  are  practically 
useless  with  the  high  pressures  of  steam  now  employed,  except  as  a  means  <^ 
getting  rid  of  gases  and  air. 

Fsed-pipea. — The  pipes  leading  to  and  from  the  feed-pumps  should  be  snob 
that  the  velocity  of  fiow  does  not  exoeed  500  feet  per  minute,  and  small  pumps 
should  have  larger  pipes  in  proportion,  so  that  the  fiow  through  them  does  not 
exoeed  400  feet. 

Since  the  amount  of  water  actually  flowing  through  the  pipes  is  gener- 
ally very  considerably  leas  than  the  pumps  are  capable  of  discharging, 
the  velocity  is  seldom  more  than  half  the  above  allowanoes;  but  as  the 
pnmpe  do  occasionally  deliver  their  fail  amount,  the  pipes  must  be  large 
enough  for  that  purpose. 
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IfdiM  tbe  dianeter  of  the  feed-pnmp  plunger,  and  *  its  meao  velocity  in 
feet  per  minute,  then 

Diameter  of  feed-pipe  -  ^  -/Tfor  amall  pumpa 
and 

Diameter  of  feed-pipe  =  ^s  s/^  for  large  pumpa 
and 

Diameter  of  feed-pipe  =  '    "       +  0-25  inch. 

ExampU. — To  find  the  diameter  of  the  feed-pipes  for  a  pump  whose 
diameter  ia  6  inches,  and  the  length  of  stroke  2  feet,  worked  from  the  levers 
of  an  engine,  making  60  revolutions  per  minute.  Here  <  —  2  x  60  x  2, 
or  240  feet. 

SicampU. — To  find  diameter  of  feed-pipe  for  an  engine  of  3600  I.H.P. 
Diameter  of  pipe  =  — r-jT"  +  ^'^^  ""^  "  *i  inches. 

If  there  are  two  pumps  which  deliver  alternately,  the  pipes  will  be  the  same 
size  throughout ;  but  if  the  two  pumps  may  deliver  at  the  same  time,  the  pipe 
beyond  the  junction  of  the  two  from  the  pumps  must  be  nearly  double  the 
sectional  area  of  one.  As  the  resistance  of  pipes  ia  due  greatly  to  friction  at 
the  surface,  and  will  oonseqnently  vary  as  the  diameter,  while  the  area  of  sec- 
tion varies  as  the  square  of  the  diameter,  the  resistance  ia  the  single  pipe  will 
be  considerably  less  than  the  combined  resistance  in  the  two,  and  for  this 
reason  the  sectional  area  may  be  less.  In  practice  this  srea  may  be  0-8  of  the 
combined  area  of  the  two.  Hence,  when  there  are  two  pumpa  delivering 
together — 

Diameter  of  main  pipe  »  1*265  x  diameter  of  branches. 

If  there  were  two  pumps,  aa  in  the  last  example,  delivering  together, 
the  diameter  of  the  main  pipe  would  ho  4  x  l'26ff,  or  6'06  inches. 

"Pet  TEUves." — Although  it  is  prejudicial  to  admit  air  to  the  feed-water, 
it  is  sometimes  necessary  for  the  g<>od  working  of  the  pumps  to  allow  a 
little  air  to  enter  between  the  valves  to  form  a  cushion.  For  this  purpose 
"  pet "  valves  are  usually  fitted. 

Feed  Tank. — To  avoid  any  waste  of  water  through  the  overflow  or  aii^ 
pipe  of  the  hot-well  when  the  feed-pumps  are  temporarily  stopped,  it  ia  the 
rule  to  provide  a  tank,  into  which  the  water  is  discharged  from  the  hot-well, 
and  from  which  the  feed-pumps  draw.  Such  an  arrangement  ia  very  bene- 
ficial in  all  engines,  and  especially  in  those  having  amall  hot-wells. 

Feed-pump  Bod. — This  is  of  iron,  and,  in  the  case  of  hollow  plunger 
pumps  worked  from  a  pin  having  a  circular  motion,  it  ia  jointed  within 
tbe  pump.  As  the  plungers  of  vertical  pumps  are  seldom  without 
water  in  them,  and  difficult  to  empty,  the  joint  shonld  be  such  aa  will  work 
with  water  aa  a  labriaant.  liiis  is  aooomplislied  by  bushing  the  joint  with 
lignum  vita,  and  oaaing  the  pina  with  brass;  or  white-metal  (Fenton'a) 
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bushel,  with  iroa  pios,  will  do.    Th«  rod-ead  within  the  pump  ihoold  be 
gftlvanised,  aa  otherwise  it  often  beoomea  corroded. 

When  the  rod  is  long  and  of  iron,  p  being  the  boUer  preunre, 

_..,,,                ,      diuneter  of  pioneer         r—     r. » 
Diameter  of  feed-pnrap  rod  -  la^^  "  "   "Jp*     *• 

Tf  of  brass,  divide  b;  35  instead  of  iO. 

When  the  rods  are  short,  the  diameter  may  be  0*7  of  that  given  by  Uie 
above  mles. 

The  plangers,  valve-boxes,  and  valves  are  always  of  best  bronze,  and  the 
Admiralty  require  the  pump-barrel  or  case  to  be  of  bronse,  bat  in  the  mer- 
ch&nt  service  this  is  generally  of  cast  iron.  The  same  remark  applies  to  the 
air-vessels,  escape- valves,  k/i.  The  capacity  of  the  air-Tsssel  ahonld  be  from 
rS  to  2  X  the  capacity  of  the  pump. 

Bilge  Pnmpa. — These  pomps,  which  are  for  the  parpose  of  freeing  the 
bilge  of  water,  are  somewhat  similar  in  constnictioa  Mid  method  of  working 
to  the  feed-pumps,  and  in  engines  with  jet-condensers  are  of  the  same  size ; 
since  smaller  feed-pampa  are  required  with  surface  condensation,  this  old 
rule  does  not  hold  good.  Altnough  the  Board  of  Trade  and  Lloyda 
require  that  all  eteam  ships  shall  have  two  bilge  pumps  worked  by  the 
main  engines,  except  in  the  case  of  engines  nnder  70  N.H.P.,  they  do 
not  sjieoifj  the  capacity  of  these  pumps.  There  is  no  basis  of  oalcalation 
for  the  sise  of  these  pumps,  and  it  is  generally  at  the  caprice  of  individual 
engineers,  many  of  whom  still  adhere  to  the  old  praotioe  of  making  them  of 
the  same  else  as  the  feed-pump.  They  may  be,  however,  made  to  the 
fbtlowing  rule  with  advantage : — 

„                 .                     capacity  of  cylinder 
Capacity  of  bilge  pump  =  — g-A ■ 

The  plungers  are  usually  of  bronze,  but  in  the  merchant  service  are  often 
of  cast  iron,  and  as  this  is  harder,  especially  when  the  hard  skin  is  formed  by 
rubbing,  they  wear  longer  when  of  this  material.  When  of  cast  iron,  4^e 
neck  and  gland  bushes  should  be  of  Fenton'a  metal,  to  prevent  corrosion 
when  not  at  work. 

In  the  Navy  the  bilge  pumps  are,  like  the  feed-pumps,  quite  detached 
from  the  main  engines ;  in  the  mercantile  marine,  when  the  engines  are  mn 
at  a  high  number  of  revolntions,  the  same  practice  is  followed ;  but  when 
the  engines  are  not  quick  running  the  bilge  pumps  are,  as  formerly,  worked 
from  the  main  engines.  The  Admiralty  have  a  pump  set  apart  fbr  the  bilges 
in  each  engine-room,  and  this  is  generally  done  in  passenger  steamers. 
There  is  also  in  eaoh  engine-room  another  pnmp  which  may  be  used  for 
pumping  out  the  bilges  or  for  discharging  water  on  deck ;  or  one  to  do  this 
service  and  the  other  to  pump  from  the  sea  on  deck  or  from  the  sea,  and 
tanks  to  the  boilers. 

In  the  mercantile  marine,  the  valve-boxes  are  of  cast  iron,  and  the  valves 
nsually  hinged  "  clacks,"  capable  of  easy  removal  for  cleaning.  The  covers 
of  these  boxes  should  be  so  made  that  they  may  be  easily  and  quickly 
removed  and  replaced,  and  for  that  purpose  are  sometimes  hinged,  ani^ 
better  still,  held  down  by  two  hinged  bolts  fitting  into  recesses  in  the 
cover. 

The  Board  of  Trade  requires  that  one  bilge  pump  shall  be  arranged  to 
draw  water  from  the  sea,  and  pump  it  on  decK  in  case  of  fire.     When  this 
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IB  done,  the  snction  pipes  ohould  b«  fitted  with  a.  three-mj  oook,  whoBe 
ping  has  only  one  port,  bo  that  it  cannot  be  open  to  the  sea  and  bilge  at  the 
same  time,  and  bo  flood  the  ihip.  When  the  pipes  are  very  large,  it  iB  not 
always  convenient  to  fit  a  oook ;  bat  a  donble  valve-box  with  self-acting  non* 
return  valves  is  snbstitnted;  when  possible,  the  oook  is  the  better  and  safer 
plan. 

Directing  Boxes. — It  is  required  that  the  bilge  pnmpt  shall  draw  from 
each  compartment  of  the  ship.  For  this  purpose,  the  suction  from  the 
pump  is  connected  to  the  top  of  a  box  contaiaing  a  series  of  valves  by 
opening  any  one  of  which  a  communication  is  made  to  a  separate  compart- 
ment ;  the  cover  of  each  valve  should  have  on  it  a  label  signifying  to  which 
compartment  the  valve  opens  a  communication.  These  directing  boxes 
should  be  placed  in  such  a  position,  that  they  are  easily  got  at,  and  above 
the  floor  plating  when  possible. 

Hod  Boxes. — Between  the  directing  box  and  the  pump  should  be  fitted 
a  box  with  a  strainer,  which  shall  intercept  such  solid  matter  as  would 
derange  the  pnmp  valves,  if  allowed  to  enter  among  them.  They  should 
have  covers  simiW  to  those  of  the  pump  valve-boxes,  and  placed  in  such  a 
position  as  to  be  easily  got  at. 

Sanitary  Pomp. — In  passenger  steamers,  it  is  usu^  to  have  a  pump 
of  about  a  half  or  one-third  the  capacity  of  the  bilge  pump,  which  can  be 
put  into  gear,  and  worked  by  the  engines,  to  discharge  water  on  deck  for 
sanitajy  purposes. 

Hand  Pomp. — A  pump  arranged  to  be  worked  by  manual  labour,  was 
usually  fitted  in  all  but  very  small  ships,  for  the  purpose  of  filling  the  boilers, 
clearing  out  the  bilges,  and  pumping  water  to  clean  the  decks  when  steam 
is  not  up.     This  pump  was  required  by  the  Board  of  Trade  Regulations 

"e  before  ■•'-■'  .     >        .>      ,    ■> 


made  before  the  days  of  donkey  pumps,  and  when  the  boiler  pressure  was 
Only  a  few  pounds  over  the  atmosphere.  The  Board  of  Trade  does  not  now 
iasiat  on  this  useless  apparatus.  As  a  means  of  feeding  the  boilers  by  hand 
when  under  steam  it  was  long  ago  quite  useless. 

The  Admiralty  used  to  require  that  the  band-pump  mar  be  worked  by 
the  engines.  This  can  be  effected  by  having  a  stud  in  a  sliding  block,  on 
the  end  of  the  shaft,  or  on  the  levers  of  vertical  engines ;  the  sliding  block 
is  operated  by  a  screw,  so  that  it  may  be  moved  from  the  centre  where 
there  is  no  motion,  to  a  point  which  will  give  the  stroke  required.  The 
connecting-rod  may  have  a  gab  to  take  the  pin,  or  be  permanently  attached 
to  the  pin  and  made  telescopic,  with  a  cotter  or  set  screw  to  secure  it  when 
required  to  work  the  pump. 

The  valves  of  the  sanitary  and  hand  pumps  should  be  similar  to  those  of 
the  bilge- pumps. 

Xyecton. — In  the  Ifavy,  as  in  the  merchant  service,  steam  ejectors  are 
often  used  for  clearing  the  engine  and  boiler-room  bilges.  They  are  in 
principle  very  like  the  well-known  injectors,  and  without  valves  or  other 
mtenul  fittings,  liable  to  derangement  from  ashes,  dirt,  &c.  They  are  started 
and  stopped  by  merely  openini;  and  shutting  a  cook  or  valve,  and  require  no 
attention  when  working,  and  are,  consequently,  most  suitable  for  such  a 
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Stiah  wu  Mtmitt«d  to  and  raleued  from  the  ojlinden  of  the  euly  luid 
AQxinei  by  meaiu  of  ooni»l  Tftlree,  operated  b;  tappet  gear  in  such  a  waf 
that  the  steam  valve  irai  gnddenlv  opened  and  ai  anddenlj  oloeed  at  the 
proper  times,  and  the  valve  whioh  allowed  the  steam  to  esoape  to  the  oon- 
denMrsand  oloeed  before  (team  was  admitted  worked  with  the  same  precision 
and  by  the  same  methods.  Saoh  an  arrangement  permits  of  a  high  state  of 
efficieooy  for  the  steam,  but  is  open  to  the  o'>jection  that  motion  so  suddMi 
is  liable  to  oanse  mach  wear  and  tear  of  the  working  parts.  In  those  earl/ 
days  the  presanre  of  steam  was  only  a  little  above  that  of  the  atraoepherek 
and  the  nnmber  of  strokes  per  minnte  oomparatirely  few,  so  that  leakage 
past  the  valves  aod  the  wear  of  the  tappet  gear  was  not  so  great  as  might 
be  expected ;  and,  on  the  whole,  the  early  engineers  had  every  reaaon  to  be 
satisfied  with  tbeir  valve-gear. 

That  saoh  gear  can  be  made  to  work  well  and  give  general  satis&ctioa 
ii  evident  from  the  fact  that  it  is  still  employed  in  large  pnmping  engines, 
whioh  work  at  60  lbs.  pressure  and  move  at  mncb  higher  speeds  ^an  for* 
merly  obtained,  and  in  large  eteotrio  Kenenting  engines. 

Uodifications  of  this  form  of  valve  and  valve-gearing  have  been  adopted 
for  marine  purposes,  but  not  with  that  degree  of  snoceas,  at  least  in  this 
country,  as  to  commend  themselves  to  engineers  for  extended  adoption.  In 
America,  however,  they  are  very  generally  employed  for  marine  engines, 
and  most  ■oooeesfully  so  in  the  large  beam  engines  of  river  and  lake 
steamers. 

Snoh  gearing  was  impossible  in  the  locomotive  engine  on  mtuy  grounds, 
so  that  an  entirely  different  valve  was  adopted  to  suit  it.  This  valve 
diffisred  from  previoni  valves  in  many  ways,  but  chiefly  in  respeot  to  its 
motion,  which  was  a  sliding  <me.  From  it  this  form  of  valve  is  oalled  a 
s{»dtf-valv«^  and  frequently,  when  in  its  simple  form,  Ae  lowmotvoa  i^de-vaJvt, 
to  distinguish  it  from  the  long  and  short  D  valves  and  piston-valves  ao 
generally  used  in  the  engines  on  land  and  sea  in  the  early  part  of  the  nine- 
teenth oenbnry,  which  also  had  a  sliding  motion. 

The  locomotive  slide-valve  (fig.  84),  in  its  simple  and  extended  forms,  is 
the  one  most  generally  used  in  the  marine  engine.  It  consists  essentislly 
of  a  rectangular  block  having  a  central  cavity,  the  flat  bars  between  the 
outer  edge  at  each  end  and  the  central  cavity  being  sufficiently  broad  to 
cover  the  cylinder  porta,  and  when  in  its  mean  position  both  ports  are 
covered.  The  amount  by  which  the  outer  edges  overlap  the  ports  when  in 
the  mean  position  is  called  the  lap,  and  the  amount  by  which  the  valve  is 
open  when  the  piaton  is  at  the  commenoement  of  Jta  atroke  is  called  the 
Uad;  the  space  through  whioh  the  valve  is  moved  during  half  a  revolution 
of  the  engine  is  oalled  the  traotl.  The  amount  by  whioh  the  inaide  edges  of 
the  valva  overlap  the  port  is  oalled  the  iiuvia  lap,  and  when,  as  often 
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happMis,  instead  of  OTsrUpping  inside,  the  port  is  slightlj  open  to  the 
c«Titj  of  the  Yftlve,  the  valre  is  said  to  have  negative  ituide  lap. 

The  earl;  locomotives  made  b;  Stephenson  had  little  or  no  Isp,  and 
little  or  no  lend.  Timothy  H&ckvorth,  by  giving  the  v&lves  of  his  engines 
lead  and  lap,  effected  an  earlier  cnt-off,  and  consequently  obtained  expan- 
sion of  the  steam,  thereby  saving  the  locomotive  from  threatened  failure, 
and  making  it  a  commercial  success.  The  effects  of  lead  and  lap  will,  how- 
ever, be  shown  later  on. 

The  Long  and  Short  D  Valves  spoken  of  are  slide-valves  whose  cross- 
section  is  shaped  like  that  letter,  the  flat  part  bearing  on  tJie  cylinder  face, 
BO  aa  to  cover  the  port,  and  the  curved  back  fitting  against  elastic  or 
metallic  packing  to  prevent  the  passage  of  steam  past  it.  Pig.  83  shows 
this  form  of  valve,  and  it  will  be  seen  that  it  differs  from  the  locomotive 
slide-valve  in  not  covering  the  exhanst-port  at  the  sides,  and  by  providing 
for  passing  of  steam  ftom  one  end  to  the  other  through  itself,  instead  of 
being  surrounded  by  steam.  This  kind  of  valve  is  practically  relieved  from 
tJie  pressure  on  the  face  due  to  the  steam,  and  therefore  should  have  less 
resistance  to  motion  than  the  slide-valve ;  but  in  practice  the  pressure  from 
the  packing  was  exoessive,  and  even  then  it  wa^  very  difficult  to  keep 
steam-tight,  especially  in  the  comers  at  the  sides ;  it  was  consequently  dis- 
carded in  favour  of  the  piston-valve  or  locomotive  valve. 


Fig.  83,— Long  D  Slide-valve. 

Seamrd'B  Tains. — To  get  a  more  perfect  arrangement  of  cut-off  and 
release  than  is  possible  with  one  valve,  Seaward  fitted  a  separate  valve  and 
ports  for  steam  and  exhaust,  and  to  avoid  the  large  amount  of  dearaiux 
which  such  an  arrangement  would  entail,  he  used  four  valves,  a  steam  and 
an  exhausb-valve  for  each  end  of  the  cylinder,  and  by  placing  the  ports  close 
to  the  ends  of  the  cylinders,  reduced  the  passages  to  a  minimum.  Each 
valve  was  simply  a  flat  plate,  and  worked  by  cams  on  the  shaft,  and  how- 
ever early  the  steam-vajves  cutoff,  the  exhaust- valves  always  opened  just 
at  the  end  of  the  stroke.  This  arrangement,  although  admirable  in  many 
ways,  has  succumbed  on  account  of  complication  of  gear  and  multiplicity 
of  parts;  and,  notwithstanding  attempts  to  modernise  it  to  suit  the  com- 
pound engine,  it  is  now  a  thing  of  the  past. 

Coinmoii  or  LocomotlTe  Slide-valve. — Fig.  84  shows  the  modem  form  of 
the  valve,  and  it  is  so  well  known  as  to  require  no  further  description.  So 
long  as  the  cut-off  is  later  than  half  the  stroke  of  the  piston,  this  valve 
answers  very  well  for  engines  of  moderate  sise  ;  but  when  an  earlier  cut-off 
is  required,  sufficient  opening  to  steam  can  only  be  obtained  by  excessive 
travel,  early  leads,  or  very  broad  ports,  neither  of  which  is  desirable  when 
it  can  be  avoided.  Large  travel  of  valve  means  large  power  to  drive  it ; 
broad  ports  produce  the  same  result  by  increasing  the  area,  and  oonse- 
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aii«nt);  the  loftd  on  th«  valve ;  uid  early  Itadt  are  apt  to  prodaoe 
looki  on  the  roda,  framing,  Sec,  aud  to  nndolj  oheok  Uie  pUton. 


i 


^^^^ 


Fig,  84.— Coamoi)  LoconmtivB  SUdo-vBlve. 
Trick  Valve. — Fig.  65  ahowa  aa  ingeniooa  plan  for  obtaining  a  dovblo 
opening  to  steam  bj  means  of  a  passage  around  the  valve,  the  entrance  to 
which  ia  at  the  end,  remote  from  that  at  which  steam  asaally  enters,  and 
whose  exit  is  throagh  the  lap  or  cover  of  the  valve.  This  invention  is  dne  to 
Herr  Trick,  and  haa  been  used  on  the  Continent  in  locomotive  and  other&at- 
moving  engines.  It  will  be  seen  that  the  effective  snrface  of  the  valve  exposed 
tosteMupreaaareiiconsiderablyredaced  below  that  of  thecommonslide-valvou 


^  i   \^ 


^f=^^^ 


Fig.  as.— The  Trick  Valve. 


Fig.  S6. — Common  Donble-ported  Valve. 


OoaUe-pnted  Vain.— Thii  valve  (fig.  S6)  haa  a  system  of  porta  and 
punges  which  is  added  to  the  looomotive  slide-valve,  to  allow  of  admissioa 
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and  emistion  of  steam  through  a  second  port  ia  the  ojlinder  face,  ao  that 
iritb  the  Mune  travel  as  the  commoa  valre,  there  is  double  the  area  of 
opening  for  steam,  and  double  the  area  for  exhaust.  This  foim  of  valve  ia 
very  generally  adopted  for  both  the  medinm-preBaare  and  loir-preaiara 
cylinders  of  compoond  engines  of  large  size,  and  for  the  low-pressure 
cylinder  of  even  very  small  engines.  Oare  mnst  be  taken  in  designing  such 
a  valve,  that  there  is  the  requisite  area  for  steam  to  enter  into  the  cavity 
leading  to  the  steam  port,  and  also  that  there  is  ample  room  at  its  back  for 
the  exhaust  steam  to  paaa  from  the  outer  port  of  the  cylinder. 

Treble-ported  Valves. — To  obtain  still  larger  opening  for  steam,  the  lap 
of  the  double-ported  valve  is  extended  so  as  to  cover  a  third  port  at  each 
end  ;  a  portway  is  made  through  the  cover  lap,  which  admits  steam  to  the 
tecfmd  port  of  the  cylinder,  while  steam  enters  the  third  port  of  the  cylinder 
through  the  opening  beyond  the  valve  in  the  nsaal  way.  But  since  the 
length  of  faoe  and  valve  required  for  this  form  of  valve  is  very  nearly  aa 
much  as  if  it  had  a  port  and  passage  to  admit  of  exhaust,  it  has  been  dis- 
carded in  favour  of  a  treble-ported  valve,  similar  in  all  respects  to  the  double- 
ported.  Some  very  targe  engines  have  four-ported  valves,  similar  in  design 
to  the  double- ported.  Such  valves  are  very  large  and  heavy,  and  require 
a  large  amount  of  power  to  move  them  ;  bat  they  work  very  satis&ctorily, 
and  so  &r  have  not  any  successful  rivals  for  steam  of  low-pressure.  When 
used  for  the  medium-pressure  cylinder  of  compound  engines,  both  treble- 
and  double-ported  valves  require  relief  plates  or  frames  to  diminish  the 
large  area  they  expose  to  steam  pressure. 

The  TraTel  of  Flat  Valves  should  be  such  that  their  mean  speed  ia  not 
more  than  200  feet  per  minute  for  the  H.P.  cylinder,uor  260  for  L.P.  cylinders. 

Hackworth's  Valve. — Fig.  87  is  an  illustration  of  the  valve  invented  by 
the  ingenious  Mr.  J.  W.  Hackworth,  and  which  gives  three  openings  to 
steam  for  one  cylinder  port,  and  that  with  only  a  comparatively  small  area, 


Fig,  87,— Haokworth's  Patent  Talvo. 
unbalanced  by  steam  pressure.  The  valve  is  a  very  simple  casting,  and 
although  somewhat  long  is  not  so  much  so  as  the  usual  treble-ported  valves. 
It  is  designed  to  be  worked  by  a  very  ingenious  arrangement  of  gearing, 
having  only  one  eccentric,  and  capable  of  cutting-off  at  a  very  early  period 
of  the  stroke,  without  undue  cushioning,  or  too  early  release,  as  well  as 
reversing. 

Piston  Valves. — No  system  of  relief  frames  or  plates  baa  yet  been  tried 
which  has  given  universal  and  entire  satisfaction;  some  indeed  produce 
more  resistance  than  they  have  been  designed  to  reduce,  and  the  best 
cannot  be  depended  on  for  any  very  long  period  when  exposed  to  tbe 
temperature  of  high-pressure  steam.  The  area  of  opening  of  port  is 
restricted  when  only  a  oommon  locomotive  sUde-Talve  is  used,  and  its 
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extcnsiona  mkgnifj  the  sril  which  relief  frunes  u«  rapposed  to  can.  It 
hna  b«en  tUted  th^t  circular  valvoB  of  tho  mtiMrocm  typo  do  not  work  well 
in  fut-ruDning  engine*,  although  the;  give  ft  good  opening  to  steun.  To 
oombtne  the  adTantBgee  of  the  two  eystems  the  piston  valve  ii  designed 
(6g.  66^.  Tlie  port  area  is  nearly  three  times  that  of  a  flat  valve  of  the 
same  dimension  traaBversely,  and  the  preasnre  on  the  sides  dne  to  the 
steam  is  nil.  Essentially,  the  piston  valve  oonsists  of  two  pistons,  the  boe 
of  each  being  eqnal  in  length  to  the  ban  of  a  locomotive  slide-valve,  and 
connected  b;  a  rod.  These  pistons  are  fitted  into  a  cylindrical  chamber 
having  ports  correaponding  to  those  in  the  cylinder  face ;  the  £aoea  of  the 
piston  cover  these  ports,  and  have  the  aame  amount  of  lap,  &c.,  as  a  common 
valve.  Steam  is  aometimes  admitted  ontaide  the  pistons,  and  it  exhansta 
from  the  cylinder  into  the  space  between  them,  and  from  there  into  the 
evhanst  paaa^e  in  the  nanal  way.  Bat  the  piaton  valve  permits  of  the 
steam  being  between  the  pistons  and  the  exhaust  steam  passing  their  ontside. 
In  this  case  the  valves  are  said  to  be  with  "  inside  cutoff."    Piston  valves 


Fig.  B8.— The  Piston  Slide-valve, 
were  ased  very  early  in  the  19th  centnry,  especially  in  marine  engines, 
and  found  to  lie  superior  to  the  "  Long  O  "  snd  "  Short  D  "  valves ;  they 
were  always  of  the  "inside  cut-off"  type,  and  then,  as  now,  had  the 
advantage  of  confining  the  steam  of  high  pressure  to  the  circular  casing 
surrounding  the  middle  of  the  valve,  so  that  no  joint  or  stnffing-box  was 
exposed  to  its  action.  This  quality  is  to-da;,  with  steam  of  really  high 
pressure  and  high  temperature,  of  great  value,  especially  when  the  steam  is 
rendered  very  dry  by  superheating,  &e. 

When  the  pistons  are  sufficiently  large  they  are  connected  by  a  pipe  or 
hollow  caatiog  (as  shown  in  fig.  88),  through  which  steam  can  pass  from  one 
end  to  the  other ;  if  this  cannot  be  accomplished,  the  two  ends  of  the  valve- 
case  are  connected  by  a  pipe  cast  with  or  connected  to  it. 

Small  engines,  when  fitted  with  such  valves,  have  them  in  their  simple 
form,  the  pistons  being  plain  broiise  or  cast-iron  discs  of  the  required  thick- 
ness, generally  cast  in  one  piece.  Such  a  form  would  suit  all  sizes  of 
engines,  if  always  working  at  full  speed  ;  but  when  standing  or  running 
slow,  the  leakage  past  the  valve,  when  it  was  worn,  would  soon  be  so  con- 
aiderable  as  to  cause  serious  loss,  besides  making  the  engine  very  unhandy. 
To  avoid  this  it  is  usual  to  pack  the  pistons  much  in  the  way  that  ordinary 
pistons  are  packed,  except  that  the  junk-rings  and  flanges  are  chamfered 
away,  and  the  packing  rings  are  made  to  project  from  them  ao  as  to  allow 
free  passage  to  the  ateam.     The  spring  rings  are  made  of  atrong  oast  iron, 
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and  ainoQ,  owing  to  the  very  slight  Telocity  at  which  the  ralve  mores,  the 
wear  ia  amall,  the  rings  should  nave  very  little  get  or  spring.  When  steam 
of  high  pressare  ia  in  contact  with  the  valves  of  large  size  the  rings  should 
be  restraiDed  from  pressing  on  the  walls,  as  in  the  case  of  pistons  (p.  158). 
The  linera  in  the  valve-box  are  usually  made  of  cast  iron,  fitted  tightly  in 
and  secured  by  flanges. 

There  are  diagonal  ban  across  the  ports  to  act  as  retaining  guides  to  the 
packing  rings ;  these  ban  are  usoAlly  from  1  to  I^in.  broad,  and  take  away 
about  a  third  of  the  gross  portway.  The  passage  way  around  the  liner 
must  be  so  designed  as  to  allow  due  area  of  section  for  the  passage  of  steam ; 
and  to  economise  space,  and  reduce  the  clearance  space,  they  are  eocentrio 
to  the  liner  and  valve.  To  avoid  the  chief  defect  in  these  valves — viz., 
large  clearance  space,  the  valve  should  be  long  so  that  its  ports  are  nearly 
in  Une  with  those  at  the  cylinder  bore. 

Piston  valves  are  now  very  general,  and  experience  of  them  has  given 
the  necessary  confidence,  even  for  their  more  extended  use.  For  steam  of  a 
pressure  over  100  lbs.  they  have  become  a  necessity,  and  they  may  be  nsed 
with  advantage  for  the  high-pressure  cylinder  for  pressures  down  to  75  lbs. 
Some  mannfactarera  use  them  for  the  low-pressure  cylinder,  bat  few  engineen 
will  care  to  incur  the  expense  of  them  for  a  purpose  where  they  are  generally 
quite  unnecessary.  They  are,  however,  necessary  for  the  fast-running 
engines,  such  as  fitted  in  torpedo  boats,  destroyen,  croai-cbannel  passenger 
steamers,  Jto.,  where  safe  continuous  running  is  of  more  importance  than 
extreme  economy.  They  also  have  advantages  for  ver^  large  engines,  when 
the  port  area  is  so  great  that  two  valves  are  required  to  avoid  cutting 
away  the  cylinder  ends  from  the  body. 

Belief  Frames. — The  resistance  of  a  slide-valve  is  almost  wholly  due  to 
the  friction  on  its  &oe,  and  the  greater  the  pressure  on  the  valve  the 
greater  will  be  the  friction.  This  pressure  is  due  to  the  fact  that  that  on 
the  back  of  the  valve  is  only  very  partially  balanced  by  that  on  the  front. 
The  common  locomotive  slide-valve  may,  daring  oertain  portions  of  its 
stroke,  have  no  pressure  at  all  acting  so  as  to  tend  to  press  it  off  its  face. 
Just  at  cut-off  it  is  relieved  to  the  extent  of  the  area  of  one  port,  but  this 
relief  decreases  as  soon  as  the  steam  in  the  cylinder  expands :  and  if  it 
exhausts  before  opening  at  the  other  end  for  steam,  its  whole  area  is 
exposed  to  the  full  amount  pressing  it  to  its  face.  It  will  be  seen  from  this 
that  the  resistance  is  ever  varying,  and  this  statement  is  true  also  of  double- 
and  treble-ported  valves,  so  that  if  a  definite  and  fixed  area  of  the  back  of 
the  valve  is  so  covered  as  not  to  be  exposed  to  steam  pressure,  it  does  not 
meet  the  case;  this,  however,  is  the  usual  way  in  which  the  valve  it 
relieved,  the  area  being  such  that  the  valve  is  always  pressed  to  its  face. 
An  exception  to  the  rule  is  seen  in  the  relief  arrangement  of  the  valves 
designed  by  Uessn.  J.  I.  Thoruycroft  &  Oo.  These  valves  have  a  face  on 
their  back  similar  to  their  front,  with  recesses  corresponding  to  the  ports ; 
on  the  back  of  the  valve  there  is  a  plate,  which  has  ports  like  those  on  the 
cylinder  fiue,  bearing  gently,  so  that,  in  one  respect,  it  is  as  evenly  balanced 
as  a  piston  valve. 

Double  Talves. — Fig.  89  shows  an  ingenious  arrangement  by  which  one 
valve  is  made  to  baianoe  another  by  attaching  one  to  the  other,  smd  as  Uie 
two  valves  operate  for  the  same  purpose,  each  may  be  half  the  sise  of  an 
ordinary  valve. 

The  two  valves  are  fitoed  up,  and  so  set  that  they  are  a  slack  fit  between 
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the  two  ttxnm  when  cold.    The  port-ways  are,  m  shown  on  the  diftgnm, 
bolted  to  the  mAin  casting  on  etch  side,  and  &«m  their  form  the  pTesanre 


Fig.  89.— SeU-baluiced  Valve. 


Pig.  90.— Tliom'e  Pktttit  Piston  Valvo. 

of  the  steam  in  the  Talve-boi  oaaseB  them  to  spring  and  so  approach  one 
another,  making  the  combioed  valve  tight  on  each  face.     At  the  same  timc^ 
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tbe  preSBnra  is  not  so  much  u  to  cause  very  great  reiistanoe  to  the  motion 
of  the  valre.     This  form  of  valve  has  been  found  in  practice  to  work  verj 
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Fig.  91.— Dswe  ft  Holt'i  Patent  Relief  Prune, 
well  indeed,  and  manjr  montha  of  Buccessful  use  have  produoed  little  or  no 
wear  on  the  valve  faces. 

Fig.  90  sbowa  a  piston-vftlTe  adapted  by 
Mr.  Thorn   with  the  same  principle  as  the  '"**  ^  ^"^^ 

Trick  valve. 

This  arrangement  rather  complicates  the 
piston  valve  and  renders  it  far  less  simple 
than  in  the  ordinary  form,  but  there  are  no 
practical  diiGculties  in  the  way  of  accomplish- 
ing what  Mr.  Thorn  aims  at — viz.,  to  admit 
some  atesm  for  the  purpose  of  cushioning 
at  one  end  of  the  cylinder  from  the  exhaust 
juat  commencing  at  the  other  end.  This, 
when  quiet  running  is  necessary,  it  is  hardly 
needful  to  say,  is  of  considerable  advantage 
with  the  low-pressure  cylinder,  but  is  not  so 
necessary  to  the  medium-,  and  not  at  alt 
necesaary  to  the  high-,  pressure  cylinder  of  a 
triple-expansion  engine. 

Dawe  ft  Holf  B  Patent — This  eonsista  of 
a  rectangular  cast-iron  frame,  fitting  steam- 
tight  to  the  face  on  the  back  of  the  valve, 
and  riveted  to  a  ateel  or  bronze  sheet,  which 
is  itaelf  secured  steam-tight  to  the  valve 
(fig.  91).  The  diaphragm  i>  of  bard  copper 
or  phosphor  bronze,  and  only  18  B.W.G. 
thicK,  and  ao  allows  the  frame  to  move 
slightly  to  suit  the  valve.  This  is  so  made  that  the  frame  is  pressed  back 
about  ^  inch   when    the  valve  is  in  place,  and  the  &ame  itself  being 


Fig.  82.— SpirftI -spring  Pnoking 
to  Heliei  Frame. 
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•X|>OMd  to  rteftm  pnuare,  ia  klwaya  preued  sgwnit  the  tkIts,  Um  u«ft 
eoeloced  by  the  fnma  being  the  amoant  of  relief  given  to  the  taIts. 

Common  Relief  Frame. — The  ordinary  method  of  relieving  the  back  of 
the  slide  valve  from  steam  preesare  is  bj  means  of  a  frame  of  circniar  or 
rectangular  form,  fitting  steam-tight,  but  freely,  into  a  recess  in  the  Talve- 
box  cover,  and  preitsed  against  the  smooth  face  at  the  back  of  the  valve  by 
set  screws,  an  elastic  material,  such  as  india-mbber,  or  spiral  metallic  springa 
as  shown  in  fig.  92,  being  interposed  between  the  screws  and  the  frune,  in 
order  to  give  greater  freedom  to  it. 

Fig.  93  is  a  modification  of  the  common  plan,  and  is  especially  applicable 
to  valves  of  nearly  square  form.  In  this  case  the  relief  frame  is  cironlar, 
fitted  into  a  recess  in  tiie  back  of  the  valve,  and  pressed  ont  by  a  star-shaped 
■teel  spring. 


1^ 

Fig.  03.— Common  Belief  Frune, 

Haitla  and  Andrews  Talve. — ^Thomycroft'a  frame  consisted  of  a  casting 
with  recesses  and  &ces  corresponding  to  the  ports  and  bars  of  the  cylinder 
face ;  the  valve  was  with  flats  and  reoesses  on  its  back  corresponding  to  Hm 
face.  The  frame  rested  on  legs  touching  the  cylinder  face,  and  just  touched 
the  valve  back  so  as  to  keep  uie  steam  off  the  snrfaces  of  ocuitact  Figs.  9i 
and  94a  represent  a  modification  of  this  plan  so  improved  that  what  appears 
as  an  ordinary  single-ported  loco  valve  really  acts  as  a  double-ported  one 
by  blowing  steam  to  enter  at  both  front  sod  back  edge,  and  to  pass  to 
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exhaust  at  two  places  in  the  ume  Auhioa — to.,  by  way  of  the  little  port 
crosaing  from  front  to  back  of  the  valve  at  each  end.  This  invention  ia 
patented  by  Messra.  Martin  and  Andrews,  and  much  osed  by  the  former 
engineer  for  the  cylindera  of  the  large  and  anooeaafdl  qnadrnple  enirineB 
turned  ont  by  him  from  the  Flushing  worka 


Kg.  H.— Hartin  and  Andrews  Valv«  Relief. 


Fig.  Ho. — l^anarene  Seotion  of  Martin  aod  Andrews  Valve. 

There  are  many  other  plans  for  preventing  slide-valves  from  pressing 
unduly  on  the  cylinder  face,  some  by  means  of  springs,  and  some  by  pistona 
acting  perpendicularly  to  the  direction  of  motion  of  the  valves,  but  none  of 
them  are  free  from  objection,  nor  have  any  given  greater  aatiafaotion  than 
Chnroh's  (fig.  95)  very  ingemous  arrangement. 

Through  Exhanst  TalTe. — Fig.  96  shows  a  low-pressure  double-port«d 
valve  arranged  to  exhaust  through  its  back  direct ;  provided  the  packing- 
ring  is  veil  designed,  well  made,  and  kept  in  good  order,  this  ia  a  uafe  and 
useAil  one,  as  it  permits  of  the  face  being  much  closer  to  the  cylinder  thaa 
ordinarily,  and  a  perfectly  unobstructed  lead  to  the  condenser. 

Gooqfc 
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Fig,  95.— Church's  Patent  Belief  Frame, 
A.  nan  of  Relief  Ring.  |  B.  Plan  with  Ring  RemoTCd. 


ogle 
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BvA.  OnldH  vxi  SpibigB.— To  prevent  ilide-vKlTeB  from  being  forced 
from  the  cylinder  face,  it  is  necesiary  to  have  guide*  behind  the  vklve,  witli 
Buitttble  rubbing  anrfftoe  on  the  valve  iteelf ;  but  u  it  ii  not  olwaji  eaa;  to 


provide  inch  suidea,  and  aince,  when  the  valve  and  face  have  worn  some- 
what, they  &Q  to  keep  the  valve  to  ita  face,  it  is  generally  preferable  to  fit 
«  pair  of  flat  b^r  springa,  whoae  backr  preai  on  robbing  stripa  on  the  valve, 
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and  the  endi  on  k  fixed  pirt,  one  end  of  each  being  eeciirecl,  &nd  the  other 
free  to  slide  on  the  flattening  of  the  arc 

BtJasce  PiBtODS. — Since  the  weight  of  the  valrea,  their  rods,  and  gearing 
in  the  case  of  vertioal  engines,  is  taken  b;  the  eocentrio  atraps,  and  if  it  were 
tmbalanoed  the  top  half  of  the  ttrape  wonld  be  subject  to  more  wear  than  the 
lower,  it  is  advisable  to  provide  some  means  of  avoiding  this.  The  readiest 
is  hj  fitting  to  the  top  end  of  the  vslve^pindle  a  piston  (figs.  29  and  88), 
which  works  in  a  ojlinder,  provided  in  the  valve-bos  cover  or  top ;  this 
piston  is  of  sufficient  area  that  the  steam-presaure  on  it  aSbrds  the  balance 
required,  and  it  also  acts  the  part  of  a  guide  for  the  spindle.  When  the 
eooentrio-rods  are  very  long,  it  is  better  to  give  an  excess  of  area  to  the 
balance  piston,  bo  that  the  rods  may  be  aitoajfi  in  tension,  instead  of  alter- 
nately in  tension  and  compression.  Since  the  pressure  in  the  valve-box  of 
the  low-  and  mediom-pressure  cylinder  of  a  compound  engine  is  constantly 
varying,  it  is  better,  especially  when  the  above  object  is  aimed  at,  to  place 
the  balancing  cylinder  outside  the  box,  and  supply  steam  from  the  boiler  to 
the  under  side  of  the  piston,  so  that  the  balancing  force  may  be  constant ; 
but,  on  the  other  hand,  since  the  reaistanoe  of  the  valve  varies  with  the 
pressure  in  the  valve-box,  there  is  not  the  same  necessity  for  so  much 
balancing  force  aa  would  be  the  case  were  it  otherwise  j  so  that,  on  the 
whole,  the  piston  exposed  to  the  pressure  of  the  valve-box  is  sufficient  for 
the  needs  of  moat  engines. 

The  top  of  the  balance  cylinder  of  the  high-  and  medium-pressure  valves 
should  be  connected  to  the  next  receiver  by  a  amsll  pipe,  and  that  of  the 
low-pressure  valve  to  the  condenser. 

Joy's  As^tont  CyUoder.— In  the  hands  of  Mr.  David  Joy  the  balance 
piston  with  it«  cylinder  has  been  transformed  by  a  very  ingenious  and 
simple  device,  from  merely  passively  supporting  the  weight  of  the  valve 
and  its  gear,  to  actively  aid  the  link  motion  in  moving  the  valve  up 
and  down.  Fig.  97  shows  the  method  by  which  this  was  accomplished  at 
the  outset ;  here  the  steam  is  admitted  to  the  top  and  bottom  of  the  piston 
through  passages  in  the  piston  itself  which  open  to  steam  ports  in  the  sides 
'  of  the  cylinder  at  or  near  the  end  of  the  stroke.  The  exhaust  is  also  through 
ports  in  the  side  of  the  cylinder  which  ore  opened  and  closed  by  the  piston 
itself  towards  the  end  of  the  stroke.  Fig.  97a  shows  another  method,  which 
Mr.  Joy  calls  the  compound  system,  inasmuch  as  the  ateam  contained  in  the 
body  of  the  piston,  ^ter  partially  expanding  on  the  npstroke,  is  passed  by 
means  of  a  recess  near  the  top  of  the  cylinder  into  the  space  above  the  piston 
so  OS  to  expand  there  and  so  impel  the  piston  downward.  The  steam 
obtained  access  from  the  underside  to  the  interior  of  the  piaton  by  means 
of  another  recess  near  the  bottom.  The  valve  spindle  rml  is  reduced  in 
diameter  for  some  little  distance  below  the  piston,  and,  [tassing  through  a 
sleeve  with  port  holes  in  it,  does  duty  as  a  valve  for  the  admission  and 
cut-off  of  steam.  Just  before  cut-off  the  piston  posses  the  lower  recess  so  as 
to  allow  its  interior  to  fill.  The  piston  face  in  way  of  the  exhaust  ports  is, 
of  course,  plain,  so  as  to  completely  cover  them  and  prevent  the  steam  inside 
the  piston  from  passing  to  exhaust 

Fig.  976  shows  a  set  of  indicator  diagrams  taken  from  an  assistant 
cylinder  working  under  these  conditions,  and  they  certainly  are  remarkable, 
ooneidering  the  simple  method  by  which  the  steam  is  distributed  and 
releued.  These  assistant  cylinders  have  been  fitted  by  several  firms  to 
fast-running  engines  which  have  of  necessity  heavy  slide-valves,  especially 
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tbose  of  the  low-preasnre  cylinder.  The  resnlts  have  been  verj  latiifactor;, 
and  the  headgoing,  ecoeDtrici,  fto.,  relieved  to  a  Tery  oonsiderable  extent 
from  th«  heavy  work  entailed  in  operating  such  vaWes  at  a  high  epeed. 


Fig.  97a. — Joy's  Improved  Asditant  Cylinder. 

^°P  Bottoirv 


TalTS-rodt  or  Spindles. —  Since  it  ia  posaible  for  a  slide-valve  to  be 
exposed  to  the  preunre  of  steam  on  its  whole  area,  without  any  relief  due 
to  the  ports,  ka.,  and  this  may  occur  even  when  the  valve  is  fitted  with 
relief  frames,  it  ia  better  to  assume  this  in  making  all  calculations  for  deter- 
mining the  sizes  of  the  partji  to  move  it. 

If  L  be  the  length  of  a  valve,  and  B  the  breadth  in  inches,  p  the  maxi- 
mum absolute  preseure  to  which  it  is  exposed  in  pounds  per  square  inch, 
then, 

Maximum  pressure  on  the  valve  =  L  x   B  x  ;)  lbs. 

The  coefficient  of  friction  should  be  taken  at  0-2,  or  that  of  metoIUe 

iJoo^^  Ic 
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Load  on  valve-rod  =  0-3  (L  k  B  x  p)  Iba 

Since  the  ipindle  liaa  to  t«ke  streuee  aimilar  to  those  on  &  piston-rod,  it 
may  be  deut  with  in  the  a&me  mj. 

A  atreas  of  3000  Iba.  per  sqnare  inch  should  be  allowed  in  the  case  of 
comparativelj  long  rods,  and  3600  irhen  very  short  and  well^piided.    Hence 

Diameter  of  slide-valve  rod  —   */ = — * , 

When  the  rod  is  long     F  =  12,000. 
„    short  F  =  U,BOO. 

In  tbe  case  of  the  valve  of  the  low-pressure  cylinder,  the  pressure 
should  be  taken  at  26  lbs.  absolute,  as  the  pressure  in  the  receiver  is  seldom 
as  high  as  16  lbs.  above  that  of  the  atmosphere.  For  oonvenienoe,  the  rods 
for  both  high-,  medium-,  and  low-pressure  cylinders  should  be  alike,  and 
consequently  the  size  should  be  tbe  largest  given  by  calculation  from  the 
above  rules. 

When  the  guides  of  the  valve-rod  are  above  the  rod-end  («.  fig.  98), 
so  that  in  reveraing  the  link  a  severe  bending  strain  would  come  on  the 
rod,  it  should  be  somewhat  lai^er  in  diameter  in  the  gmd&  In  cases  of 
this  kind,  F  should  be  taken  at  20  per  oent.  less  than  given  by  the  above 
rules  for  that  part 

Valve-rod  Bolts. — When  the  joint  at  tbe  valve-rod  end  is  made  capable 
of  adjustment  by  means  of  tiro  bolts  (fig.  103)  ;  then. 


Diameter  at  bottom  of  thread  < 


^/^ 


When  the  bolts  are  of  iron,  H  -  33,000;  when  of  steel,  36,000.  This 
same  rule  applies  to  the  bolts  of  eocentric-rod  ends,  and  to  the  bolts  at  the 
butt-end  of  eooentric-roda. 

For  the  bolts  of  eccentric  straps,  H  -  28,000  for  iron,  and  32,000  for 
steel. 

Valve-rod  Onides, — The  valve-rod  end  should  always  have  a  guide,  sq 
that  the  side  strain  due  to  the  obliqnity  of  the  ecoentno-rods,  or  to  the 
action  of  the  link-motion,  shall  not  only  not  bend  the  rod,  but  shall  not 
come  on  the  gland  and  so  cause  leakage,  &c.,  through  the  stuffing-box.  The 
kind  of  guide  depends  very  much  on  the  link-motion  oaed,  as  what  suits 
one  form  is  not  applicable  when  another  kind  is  used.  The  simplest  form 
consists  of  a  cast-iron  bracket  with  an  eye  bushed  with  brass,  through  which 
the  rod  passes  ;  but  since  the  rod  soon  wears  away  the  hush,  if  subject  to 
much  side  strain,  this  is  not  a  satisfactory  plan  for  large  engines,  although 
a  convenient  and  fairly  trustworthy  one  for  small  ones.  If  the  rod  is  made 
of  larger  diameter  in  wake  of  tbe  guide,  and  planed  fiat  on  the  sides  which 
are  exposed  to  pressure,  and  the  bracket  fitted  with  brass  liners,  shaped 
like  a  common  key,  so  as  to  be  secured  by  screws  through  the  gib  ends,  a 
simple  and  efficient  means  is  provided  for  taking  all  side-pressure,  but  the 
drip  from  the  gland  is  apt  to  wash  out  tbe  oil.  A  better  but  more  costly 
one  is  to  fit  a  bracket  to  the  valve-rod  above  tbe  link,  having  a  shoe  like 
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that  of  a  pistoU-rod,  and  ruaning  od  *.  guide  like  that  of  a  piaton-rod 
end.  In  large  enginea  it  is  fitted  with  a  slipper,  ice,  for  adjustmeQt 
(6g.  98). 


;.  98.— Yalve-rod  Qnide. 


Slot  links  require  a  different  kind  of  gnlde  when  they  work  on  over- 
hang pins,  which  is  often  the  case,  of  necessity,  in  hocizontal  enginea,  to 
obtain  eccentric- rods  of  aufScient  length.  Then  the  valve-rod  is  fitted 
into  the  socket  of  a  guide-piece,  shaped  somewhat  like  a  bayonet,  having 
a  shank  of  square  section  and  working  in  a  guide  bracket  fitted  to  the 
framing  {vide  fig.  I5a). 
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FroporUou  of  8IUe<nlTN  ura  foand  u  followi  :— 


irig.  OB. — Proportima  of  k  CommoD  ViIts, 

Let «  be  the  outtide  Up  of  the  valve  ftt  the  front  end,  and  y  that  at  the 
back  end.    Then, 

H-|+«;  aiidK-^+y. 

Let  s  be  the  ituide  lap  at  the  front,  and  w  that  at  the  back.    Then 

P  F 

B-|-.;  «ndO-|-« 

To  keep  the  valve  u  email  as  ponible,  E  need  be  onlj  a  tittle  wider  than 
the  ateam  ports,  provided  that  the  half  travel  doee  not  materially  exceed 
the  width  of  bar. 

The  Doable-ported  Valve  dimension!  follow  similar  ralet  to  the  above^ 


Fig.  100.— Froportiou  of  «  Triok  Tolva. 


Goo'^lc 


TALTB  qear:  lime  itvttos. 
Let  x,y,a,  and  to  be  the  I^m  u  before.    Then 

H  =  -g  +  as;  «id  K  =  —  +  y. 


Al«^ 


^  +  ^  inch ;        and  D  ~  -s-  +  ^  inch. 


The  openiogB  through  the  valve  laps  or  coven  must  be  u  Urg«  as 
pouible,  but  need  not  exceed  the  ordiiuu?  opening  of  the  valve  to  steam 
at  the  outer  edge  ;  then 

G  +  P-K  +  N; 
and  a  +  Q-H  +  M. 

Valve  Gear:  Link  MotioiL — The  common  form  of  motion  employed  to 
work  the  valves  of  a  screw  engine  consists  essentiallf  of  two  eccentrics 
keyed  on  the  erank-ahaft  in  such  a  position  relatively  to  the  crank  that  when 
one  is  cmerating  on  the  valve,  the  eajjine  will  propel  the  ship  ahead,  and  is 
said  to  be  in  head-gear,  and  when  the  other,  the  engine  will  propel  the  ship 
etom  first,  and  is  said  to  be  in  tt«rn^ear,  their  rods  being  oonneotod  by  a 
bar  or  bars  on  which  is  a  block  to  which  the  valve  spindle  is  attached. 
This  bar  connection  is  called  the  link,  and  is  of  such  a  form  that  by  sliding 
it  through  the  block,  the  head  or  stem  eooentrio  may  at  pleasure  be  brought 
to  operate  on  the  valve. 

In  designing  a  link  gear,  the  most  important  objects  are  to  give  the 
valve  such  motdoni  as  shall  cause  it  to  open  to  steam  slightly  before  the 
piston  is  at  the  end  of  its  stroke,  the  amount  by  which  it  is  open  at  the 
end  of  the  stroke,  or  commencement  of  the  next  stroke,  being  called  the 
lead  of  the  valve ;  to  open  then  fully,  and  close  at  the  required  period  of 
the  stroke  of  the  piston  called  cut-off;  to  confine  the  steam  during  the 
remaining  portion  of  the  stroke,  so  as  to  expand  in  the  cylinder,  and  at  or 
near  the  end  of  the  stroke  to  allow  the  steam  to  escape  from  the  cylinder, 
called  exhautt;  to  close  the  port  again  before  the  end  of  the  stroke,  so  that 
the  piston  wympreuea  the  stoam  remaining  in  the  cylinder  and  port.  These 
operations  should  be  effected  with  the  expenditure  of  as  little  power  as 
possible,  and  with  this  end  in  view  the  motion  of  the  link  should  be,  as  far 
as  can  be,  limited  to  moving  the  valve  only ;  consequently  the  link  itself 
should  have  no  sliding  motion  longitudinally,  called  tlotting  motion,  in  the 
block,  but  only  the  angular  motion  due  to  the  two  eccentrica.  A  perfect 
valve  motion  is  such  that  the  valve  opens  to  steam  vnde  immediately  the 
crank  has  passed  the  dead  oentre,  and  remains  open  during  the  admission 
of  steam,  to  that  there  is  no  wire-drawing ;  the  valve  closes  suddenly,  and 
remains  closed  during  expansion  ;  at  the  end  of  the  stroke  it  opens  wide  to 
exhaust,  and  remains  in  that  stato  during  the  greator  part  of  the  period  of 
exhaust,  when  it  closes  suddenly,  and  remains  closed  till  opening  again  to 
stoam.  This  is  not  obtainable  with  the  ordinary  link  motion,  nor  to  its 
full  extent  with  any  motion  when  one  valve  only  is  employed  for  both 
ends  of  the  cylinder,  because  the  period  of  cutKiff  at  one  end  does  not,  as  a 
rule,  correspond  to  the  period  of  compression  at  the  other  end ;  bat  there 
are  valve  gears  which  have  two  periods  of  very  quick  motion,  and  two  of 
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vtij  Blow  in  eMh  cyolo,  which  very  cloMly  fiilfil  the  above  oonditiona.  4nd 
which  will  b«  noted  later  on. 

Slot  Link.— Thi%  which  is  one  of  the  oldest  forms  of  link,  is  still  retained 
by  many  engineers,  and  is  well  adapted  to  the  circnmstanoes  of  severkt  forms 
of  engine,  such  m  the  oscillating  paddle-wheel  engine,  and  all  engines  in 
which  there  is  not  direct  connection  between  the  eocentrio-rodi  and  the 
▼alve-rod,  and  also  in  some  of  the  horizontal  engines  when  it  is  either 
impossible  or  iuoonvenient  to  have  direct  connectfon. 


Fig.  101.— The  Slot  Link. 

Fig.  101  is  an  illastration  of  the  ordinary  slot  link,  baring  adjustment 
for  the  sliding  block  and  eccentrio-pin  brasses.  Looorootive  engineers 
prefer,  as  a  mle,  to  have  the  pin-holes  fitted  with  hard  hushes  rather  than 
adjustable  brasses;  bat  this  opinion  is  not  shared  by  marine  engineers, 
and  chiefly  on  the  ground  that  in  a  foreign  port  it  is  seldom  possible  and 
never  convenient  to  engage  the  services  of  workmen  and  tools  to  renew 
these  bushes  when  so  badly  worn  as  to  require  renewal. 

This  kind  of  link  is  generally  suspended  from  the  end  next  the  head- 
going  eccentric-rod,  at  a  point  in  line  with  the  arc  through  the  block-pin ; 
and  if  the  pin  in  the  lever,  which  operates  on  the  link  to  reverse  it,  is 
placed  in  toe  proper  position,  there  is  very  little  slotting  motion  indeed 
when  working  in  A«u^gear.  The  same  remark  applies  to  the  position  of 
the  pin  when  in  «(«m-gear,  except  that  the  amount  of  slotting  motion  is 
somewhat  greater  of  necessity  ;  but  since  a  marine  engine,  as  a  rale,  works 
very  little  in  ttem-gear,  and  its  efficiency  there  is  of  email  consideration 
comparatively,  this  defect  is  of  little  moment.  Locomotive  engineers  still 
keep  to  the  slot  link,  as  it  has  no  small  hoita  and  nuts  to  rattle  loose  and 
give  trouble,  as  might  be  the  case  with  other  gears ;  but  in  the  locomotive 
the  eccentnc-rod  ends  are  oonnecbed  to  the  ends  of  link  at  the  place  where 
the  drag-rod  is  in  fig.  101. 
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Position  of  Siupendoa  Pin. — To  obtaia  th«  beat  position  of  lerer  pin,  it 
is  Deceswry  to  draw  out  the  path  of  the  centre  of  pin  in  the  link  end  through 
one  revolution  of  the  engine  when  the  link  has  no  dotting  motion.  The  path 
BO  found  IB  like  an  attenuated  figun  8  in  head-gear,  and  somewhat  more  jfiro- 
nonnoed  in  atera-gear.  The  arc  of  a  circle  of  radius  equal  to  the  length  of 
the  BuapenBion  or  bridle-rods,  is  then  drawn  through  each  of  these  figures  in 
such  a  way  that  there  is  the  least  possible  deviation  of  the  figure  on  either 
aide;  that  is,  the  aro  is  the  centre  line  of  the  fiffnre,  if  the  deviation  on  one 
aide  equals  that  on  the  other.  The  oentrea  of  t^e  circles  to  which  these  arcs 
belong  should  be  the  centres  of  lospenaion  of  the  bndle-rods,  or  position  of 
pin  in  reversing  lever  end.  Bj  drawing  arcs  of  circles  of  radius  equal  to 
the  length  of  the  reversing  lever  from  these  two  centres,  the  points  of  inter- 
aeotioa  are  the  two  posaiDle  positions  for  the  centre  of  weigh-shaft. 

This  same  method  of  construction  is  suitable  to  all  kinda  of  links,  and 
for  all  positions  of  the  point  of  suspension  of  the  link. 

When  it  is  necessary  that  the  motion  shall  be  as  efficient  in  A^txj-gear  as 
in  ({em-gear,  the  link  should  be  snspended  from  a  point  in  the  line  dividing 
it  symmetrically,  and  by  preference  at  the  intersection  of  this  line  with  the 
arc  through  the  oentre  of  blook-pin,  so  that  the  centre  of  suspension  is  in 
line  with  the  oentre  of  block-pin  when  in  mid-g»ar.  When  this  ia  ao,  the 
pins  for  suspending  the  link  are  on  side  plates  bolted  to  the  sides  of  the  link. 

The  diatanoe  from  oentre  to  centre  of  eocentric-rod  pins  should  not  be 
less  than  two  and  a  half  times  the  HAroio  of  the  eccentrics,  and  is  usually, 
when  apaoe  permits,  two  and  three-quartora  to  three  times.  The  lArou>  of 
tbe  eccentrics  in  this  case  is,  of  course,  equal  to  the  travel  of  the  valve  when 
in  fiiU  gear. 

Sise  of  Slot  Unk — Let  D  be  the  diameter  of  the  v^ve  spindle,  B  being 
the  revolntiona  per  minute,  and  F  ^  (13,600  -  10  B),  from  the  following 
calculation 


/Lx  B  > 
■  V         F" 


then 

Diametor  of  blook-pin  when  overhung  •        -     —  D. 

„  „  „    secured  at  both  ends      -     —  0-75  x  D. 

„  eccentrio-rod  pins =  07     x  D. 

„  suspension-rod  pins  .         .         .        >     =  0-55  x  D. 

„  „         rod  pin  when  overhung         -     =  0-76  x  D. 

Breadth  of  link -  0-8  to  0-9  x  D. 

Length  of  block =l-8tol'6xD. 

Thl^eas  of  bars  of  link  at  middle     -        -        -        -     =  07     x   D. 
If  a  single  suspension- rod  of  round  section,  its  diametor  <=>  0-7     x   D. 
If  two  suspension-rods  of  round  section,  their  diametor  =  0-56  +■  D. 
The  objections  to  the  slot  link  are,  that  it  is  an  expensive  one  to  make,  and 
that,  owing  to  the  eccentric  pins  and  the  blook-pina  being  out  of  line,  there 
ia  alwaya  an  uneasy  motion  about  the  blook-pin,  and  more  slotting  motion  of 
the  block.     The  former  objection  is  valid,  especially  when  the  link  is  made 
of  wrought  iron,  but  when  tbe  link  is  made  of  cast  stoel  it  ia  not  ao  expen- 
sive as  some  other  forma.     The  uneasy  motion  is  often  due  to  bad  design, 
for  when  well  designed  and  carefully  hung,  it  will  work  very  satisfactorily. 
Single-bar  Link.— This  kind  of  link  consists  of  a  single  solid  bar,  of  reo- 
tangolar  section  generally,  and  having  the  eccentric -rods  connected  to  eacb 
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end,  and  a  iliding  block  between,  to  whioh  the  valve  spindle  ia  connected. 
Tbe  form  of  link,  klthough  tried  by  more  than  one  eminent  firm  of  engineers, 
h«s  gnduallj  been  dropped,  except  by  the  firm  tliat  introdnced  it. 

Dooble-bor  Links.— There  are  two  kinds  of  doable-bar  links;  one  <fig.  103) 
having  the  eooentrio-rod  ends,  as  well  as  the  valre-tpindle  end  between  the 
bars,  BO  that  the  travel  of  the  valve  is  leu  than  the  uirow  of  the  eoMDtiica ; 
the  other  (fig.  103)  has  the  eooentric-rods  formed  with  fork  eods,  bo  as  to 
oonnect  to  stads  on  the  ovltide  of  the  ban,  and  thas  admita  of  the  block 
sliding  to  the  end  of  the  link,  so  that  the  centres  of  the  eooentrio-rod  ends 
and  the  block-pin  are  in  line  when  in  fiill  gear. 


Fig.  103.  — Doubls-bar  Link  with  Rods  ontaide. 

The  former  plan  is  cheaper  to  make,  is  simpler  in  construction,  and  has 
fewer  parts  to  get  out  of  order  and  adjast ;  and  when  adjustment  is  reqaired, 
it  is  easier  to  make,  and  there  is  less  chance  of  its  being  done  improperly. 
When  in  h^ad-ge&t,  part  of  the  work  of  moving  the  valve  is  done  by  the 
atem-going  eccentric,  so  that  the  wear  is  not  limited  to  the  one  eccentric 
strap.  When  properly  hung,  the  slotting  motion  is  exceedingly  small,  and 
the  valve  motion  is  as  perfect  as  with  the  other  form.  The  objection  to  it 
is  that  the  eccentrics  are  larger  in  diameter  than  those  with  the  other  links, 
and  the  links  themselves  are  longer,  and  more  space  is  required  for  the 
eccentric-rods  to  move  in. 
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Size  of  Bar  Links.— Let  D  be  the  diameter  of  valve  Bpiadle,  found  m 
before. 

Fig.  102,  distance  between  oeutres  of  ecoentric  pins,  3  to  1  times  tiirow 
of  eooentricB. 

Depth  of  bars    .        .        .        .  -  1-2S  x  D  +  1  inoh. 
Thickneu  of  bars      .        .        .  -  0-65  x  D  -f-  ^  inch. 
Length  of  sliding  block      .         .  •■  2-1!  to  3  x  D. 
Diameter  of  eocentrio-rod  pins  .  =  0'8  x  D  ■>■  ^  inch. 
„        centre  of  sliding  black  =  1-3  x  D. 

Fig.  103,  distance  between  eccentrio-rod  pins  2)  to  21  times  throw  of 
eccentrics. 

Depthofbars     .         .         .        .  -  1-26  x  D  +  4  inch. 
Thickness  of  bars  .        .  =  0'6G  x  D  +  |  inch. 

Length  of  sliding  block     .        .  =  2-6  to  3  x  D. 
Diameter  of  eocentrio-rod  pins  .  =-  0'7A  x  D. 
Length  „  „  .  »  0-80  x  D  +  ^  inch. 

Diameter  of  ecoentric  bolts  (top  end),  at  bottom  of  thread  ~  042  x  D  when 
of  iron;  and  0-38  x  D  when  of  steel. 

These  bars  should  be  of  a  veiygood  description  of  iron  and  case-hardened, 
or  of  hard  steel;  the  latter  is  of  course  free  from  seaminess  and  stronger. 
The  eccentrio-rod  pins  of  the  kind  of  link  (fig.  103)  are  nsnally  forged  solid 
with  the  bars,  but  there  is  no  absolute  need  of  this,  and  it  adds  very  maoh 
to  the  cost,  both  of  manufacture  and  renewal  when  worn.  Since  the  wear 
on  these  pins  is  limited  to  a  very  small  portion  of  their  circumference,  it  is 
not  unusual  to  file  away  the  parts  which  are  not  subject  to  wear,  so  as  to 
admit  of  the  brasses  being  closed  when  worn.  When  loose  pins  are  fitted, 
they  should  be  steel,  and  hardened,  so  that  all  wear  may  come  on  the  brasses 
which  are  capable  of  adjustment. 

In  another  arrangement  of  bar-link  motion,  the  sliding  block  is  divided, 
and  on  the  outside,  while  the  eccentric-rod  ends  are  between  the  bars.  This, 
while  having  some  alight  advantages,  is  on  the  whole  very  clumsy,  and  the 
block-pins  wear  badly ;  besides  which,  the  link  can  be  only  suspended  from 
the  extreme  end.  Mr.  Martin,  of  Mushing,  adopts  an  ingenious  oombina- 
tion  of  these  bar  links  for  the  large  engines  he  turns  out.  He  fits  three 
eccentrics  to  each  valve  ;  the  rods  of  the  two  outer  ones  are  connected  each 
to  a  pin  on  the  outside  of  the  link,  as  in  fig.  103,  and  act  in  "  ahead  "  gear. 
The  rod  of  the  centre  eccentric  is  connected  to  a  pin  between  the  bars,  as  in 
fig.  102,  and  acts  in  "aatem"  gear. 

Sin^e  Eccentric  Oear. — ^The  valves  of  slow- working  engines  can  be  worked 
by  a  single  eccentric,  which  is  free  to  move  round  on  the  shaft  from  the 
position  for  head-gfixr  to  that  for  stem-gear ;  it  is  driven  by  a  key  or  ttop  fixed 
to  the  shaft,  pressing  ^lainst  a  shoulder  on  the  side  of  the  eccentric.  The 
eccentric  sheave  is  balanced  so  that  it  will  stop  in  any  position,  and  only 
move  when  driven  by  the  slop  on  the  shaft.  The  eccentric-rod  is  so  fitted 
that  it  may  be  disconnected  from  the  valve-rod  or  its  gear.  This  ia  generally 
efiected  by  providing  a  gab  or  gap  in  the  eccentric-rod  end  instead  of  a  pin- 
hole, whiui  allows  the  eccentrio-rod  to  be  lifted  from  its  pin  by  suitable 
gearing.  When  the  eccentrio-rod  is  disconnected  from  the  valve  gear,  the 
valve  ceases  to  move,  and  the  engine  comes  to  rest.    To  restart  the  engine 
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the  vaItq  moit  be  worked  by  huid  until  the  gib  can  be  brongfat  m  line  with 
the  pin  ;  if  the  motion  of  the  engine  ia  reversed  the  shaft  will  move  kroiuid, 
the  ecoentrie  remaining  motionless  nntil  the  stop  on  the  shaft  comes  in  con- 
tact with  the  other  side  of  the  projection  on  the  sheare;  it  is  then  in 
the  right  position  for  driving  the  valves,  and  the  ecoentric-rod  may  now  bo 
dropped  into  gear.  This  method  admitted  of  the  paddle  engine  being 
handled  very  dexterously  when  tiie  valves  were  not  so  large  and  the  steam 
pressure  so  high  as  to  prevent  their  being  moved  by  hand,  and  was  the  one 
generally  adopted  in  engines  of  moderate  power  long  after  link  motion  was 
invented  and  in  general  use  on  locomotives. 

There  have  been  many  other  methodi  of  moTing  a  single  eooeatrio  from 
ahead  to  astern  position ;  some  of  which  by  sliding  wedges  were  at  (Hie  time 
received  favourably,  but  are  now  almost  forgotten. 

Hackworth'i  Dyxkamlo  Valve  Gear. — The  motion  of  a  point  on  a  rod,  one 
end  of  which  moves  ia  a  circle,  and  the  other  on  a  straight  line  passing 
through  the  centre  of  that  circle,  is  an  ellipse  whose  major  axis  coincides 
with  the  straight  line.  I^  however,  the  end  of  the  rod  slides  on  a  line 
inclined  to  this  centre  line,  the  major  axis  of  the  ellipae  will  be  inclined. 

Ur.  J.  W.  Hackworth's  valve  motion  works  on  this  principle,  for  hia 
gear  has  a  single  eccentric  keyed  to  the  shaft  exaetly  oppotite  to  the  crank; 
the  eccentric-rod  has  its  end  attached  to  a  block,  whidi  slides  on  a  guide- 
bar  inclined  to  the  line  through  the  centre  of  shaft;  and  a  rod  from  abont 
the  middle  of  the  ecoentrio-rod  is  oonueoted  to  the  valve-rod,  which  works 
in  a  line  at  right  angles  to  the  line  through  the  eooeatrio-rod  when  in  mean 
position.  If  the  guide-bar  on  which  the  eccentrio-rod  block  slides  be  moved 
so  as  to  reverse  its  inolinatioD,  the  inclination  of  the  axis  of  the  ellipse  is 
reversed,  and  the  motion  of  the  engine  reverted.  Here  the  motion  of  the 
valve  is  due  to  the  eooentric,  and  the  had  to  the  inclination  of  the  slide-bar. 

The  great  advantage  of  this  gear,  beyond  the  saving  of  an  eccentric,  is 
the  bettor  motion  imparted  to  the  valve,  inasmuch  as  there  are  two  quick  and 
two  slow  motions  in  a  revolution;  the  quick  ones  occurring  at  opening  and 
cut-off,  and  the  slow  ones  during  entry  and  at  exhaust  previous  to  opening. 
A  large  variation  in  the  amount  of  cut-off  ia  possible  with  this  arrangement, 
without  wire-drawing  from  small  opening  ana  slow  closing  of  the  port,  as  is 
the  case  with  the  common  link  motion.  The  chief  objections  urged  against 
this  gear  are  the  excessive  friction,  and  consequent  wear  on  the  sltding 
blocks,  and  the  liability  of  so  many  pins  to  derangement.  The  first  of  these 
is  the  most  valid,  and  it  has  been  overcome  by  fitting  rollers  instead  of 
sliding  blocks.  In  both  ways,  however,  this  gear  has  worked  birly  well ; 
and  for  engines  of  small  power  it  is  a  very  convenient  arrangement, 
especially  when  mnoh  variation  in  cut-off  is  required. 

Since  the  valve-rods  with  this  gear  do  not  come  in  line  with  the  piston- 
rods,  or  immediately  over  the  line  of  shafting,  the  valves  and  their  cbesta 
are  removed  from  the  usual  positions,  so  as  to  admit  of  the  cylinders  being 
closer  together;  the  engine  is  consequently  shorter,  cheaper,  and  occupies 
less  space.  This  suited  the  expansive  screw  engine  and  paddle  engines  of 
the  diagonal  type  admirably ;  for  the  two  valves  of  an  expansive  engine  being 
in  one  common  chest,  could  be  examined  through  a  door  in  front,  of  ample 
dimensions  to  admit  a  man ;  for  the  compound  engine  the  valve-boxes  are 
side  by  side  with  short-pipe  connections  {vide  fig.  8) ;  but  generally  it  allows 
of  little  space  for  the  receiver,  and  tbe  exhaust  from  the  low-pressure 
cylinder  of  screw  engines  must  pass  through  a  belt  within  the  receiver,  or 
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else  thia  belt  bM  to  travem  more  tbon  half  the  oircamference  of  the 
cjlinder. 

Mwahall't  Yain  &«ar  is  s  modification  of  Haokworth's,  and  differs  from 


Hg.  104.— Msrsball's  P&tont  Valv«  Q«u. 
it  in  the  method  of  getting  the  oblique  motion  of  the  rod  end.     Fig  104 
shows  the  plan  adopted  by  Mr.  F.  C.  Marahall,  and  also  UlastrateB  generftlly 
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vhat  hu  been  lud  of  Hkokvorth't.  Hen  th*  eooentrio-rod  is  hang,  by 
mekiu  of  ft  rod  from  th«  end  of  %  lever  on  a  reversiag  shaft,  in  such  a  way 
that  it  movea  on  the  arc  of  a  circle  inclined  to  the  centre  line.  The  motion 
is  not  quite  so  perfect  as  with  the  inclined  alidiog  bar,  and  neoessitatea 
double  ports  to  the  bottom  end  of  the  slide-Talve,  in  order  to  get  as  much 
opening  to  steam  there  as  at  the  top  end ;  but  ijiere  is  less  friction,  and, 
on  the  whole,  it  works  most  satis&ctorily.  The  pins  require  to  be  of 
good  siie,  and  they  should  all  have  adjustable  brasaes  to  provide  for  the 
large  amount  of  wear  which  of  neoeasity  comes  on  them. 

Joy's  ValvB  Gear. — Fig.  105  shows  the  ingenioos  arrangement  whereby 
Mr.  David  Joy  has  avoided  altogether  the  nse  of  eocentrics.  He  obtains 
the  motion  from  the  oonneoting-rod, 
and  qualifies  it  by  a  sliding  block 
like  Uackworth,  or  a  suspension-rod 
like  Marshal L  The  motion  thus 
obtained  is  a  very  perfect  one  for  a 
slide-Talve,  as  the  two  quick  and  two 
slow  periods  are  just  wben  required, 
the  amount  of  opening  is  equal  at 
both  ends  of  the  Talve,  and  early 
outa-off  can  be  efiected  without  ex- 
cesaive  leads  and  compressions  or 
premature  exhaostings.  This  gear 
has  been  applied  with  great  anocesa 
to  locomotives,  where  the  saving  of 
■pace  for  the  eccentrics  admits  of 
longer  orank-pins  and  journals;  it 
has  also  been  taken  up  by  a  few 
marine  engineers.  The  chief  objec- 
tions to  this  gear  are  that  it  comes 
in  the  way  of  the  principal  working 
parts,  and  makes  them  a  little  diffi- 
cult to  get  at  wben  working,  and  also 
that  a  small  amount  of  wear  on  the 
joints  of  the  gear  would  cause  a 
defect  on  the  valve  motion,  and  pro- 
duce a  serious  amount  of  rattle  of 
the  gear.  These,  however,  can  be 
got  over  by  making  the  pins  sub- 
stantial, and  ^1  the  joinU  adjust- 
able. 

Sell'fl  Valre  Gear. — Here  the  valves  are  worked  by  an  independent  shaft, 
which  derives  its  motion  from  the  main  shaft  by  means  of  wheel-gearing ; 
between  these  two  shafts  are  two  intermediate  wheels  gearing  into  one 
another— one  of  them  gears  into  the  wheel  on  the  main  shaft,  and  the  other 
into  that  on  the  valve  shaft.  These  two  intermediate  wheels  are  carried  on 
a  frame  which  can  be  lifted  up  and  down,  and  is  guided  in  snch  a  way  as  to 
keep  the  wheels  always  in  proper  gear  with  their  corresponding  wheels.  If 
the  gearing  is  set  so  that  the  valves  are  moved  by  their  crank-shaft,  and 
drive  the  engine  ahead  when  the  frame  is  at  the  bottom  of  its  traverse,  the 
moving  of  the  frame  to  the  top  of  its  traverse  so  altera  the  relative  angular 
position  of  the  shafts,  that  the  valves  will  be  set  to  drive  the  engine  astern. 


106.— Joy's  Talve  Qear. 
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This  is  eaail;  andentood  hj  mppOBing  the  eogine  kt  rest,  ftnd  the  fntne 
nused  ;  the  wheel  geared  into  the  odb  on  the  crank-shftft,  in  moving  round 
the  shaft  also  tarns  on  its  own  axis,  and  in  so  doing  turns  its  oompmnion- 
wheel,  which  turns  the  wheel  on  the  valre  shaft,  tmd  ooosequently  the 
Talre  shaft  itoelfl 

This  geM  wBS  fitted  to  many  engines  in  the  English  and  foreign  nsTies, 
and  WM  especiallj  suitable  for  the  three-oy Under  horizontal  engines  for  which 
it  was  origittallj  designed.  It  had,  however,  the  objectionable  feature  of 
wheel-gearing,  which,  when  new,  made  a  great  noise,  and  was  liable  to 
accident  from  rttemg  of  the  ensines,  but  when  worn,  these  are  magnified 
▼ery  considerably  by  the  bad  lath  which  results.  Had  the  wheels  been 
maohine-ont  accurately  to  shape  and  of  safficieat  size,  this  gear  might  have 
been  in  use  to-day,  as  it  was  a  very  convenient  one  for  horixoutal  engines, 
as  also  for  Urge  vertical  ones.  A  similar  arrangement  has  been  used  by 
certain  engineers  for  vertical  triple  engines,  but  tiie  auxiliary  or  valve  shaft 
was  driven  by  an  auxiliary  engine,  which  had  a  leusitive-ball  governor 
to  regulate  it.  In  rongh  weather  the  wheels  connecting  the  two  shafts 
were  thrown  out  of  gear,  and  the  miuQ  engine  was  quite  governed  by  the 

E]q)aiudon  Valves. — When  ordinary  link  motion  is  employed,  and  an 
eaiiier  cut-off  than  half-stroke  is  required  aa  a  normal  eondition,  it  is 
neoonsary  to  efl'ect  it  by  means  of  an  independent  valve,  usually  called  the 
expansion  valve.  These  valves  are  generally  common  plates,  sliding  either 
on  a  face  with  ports  on  the  aide  of  the  valve-box,  or  on  a  face  on  the  back 
of  the  ordinary  slide-valve.  In  the  latter  case  there  are  two  methods, 
oommonty  known  as  tAe  iniide  eut-off' Aod  thit  ouU%d«  nU-off. 

Gridiron  Expansioil  Talres. — When  the  vaWe  worked  on  an  independent 
fitce  on  the  side  of  the  valve-box,  it  consisted  of  a  plain  plate  with  steam 

Krts  in  it,  corresponding  to  the  steam  ports  on  the  face ;  there  was  sufficient 
t,  and  tjie  gear  was  so  set  that  it  remained  closed  after  it  had  cut-ofi', 
nntil  after  the  main  valve  was  closed  to  the  cylinder,  when  it  might  open 
agdia  so  as  to  fill  the  valve-box,  and  be  i-eady  to  supply  and  cut  off  steam 
firom  the  other  end  of  the  cylinder.  The  variation  in  cut-off  is  effected  by 
varying  the  travel,  and  the  equalisation  of  cut-off  at  each  end  is  effected  by 
varying  the  proportion  of  lap  on  each  side  of  the  ports.  The  variation  in 
travel  is  obtuned  by  means  of  a  link  on  which  the  block  to  which  the 
sxpansion  ecoent^i(^-rod  is  attached  slides,  so  as  to  vary  the  length  of  lever; 
the  laraer  the  travel  of  the  expansion  valve,  the  quicker  is  Uie  steam  cut 
off,  and  the  smaller  the  travel,  the  later  is  the  cut-off,  until,  finally,  the 
travel  is  so  small,  that  the  expansion  valve  does  not  olose  at  all.  The 
variation  in  the  lap  of  the  expansion  valve  is  effected  by  means  of  the 
curvature  of  the  link. 

Some  engineers  preferred  the  mean  position  of  the  expansion  valve  to  be 
with  the  porU  closed;  in  this  case  the  quickest  cut-off  is  effected  with  the 
least  travel,  and  consequently  with  least  opening;  but  since  the  piston 
speed  is  comparatively  slow  when  receiving  steam  with  the  early  cut-off,  a 
reduction  of  opening  will  not  be  felt ;  whereas  the  slow  cutting-off  when 
carrying  steam  to  mid-stroke,  effected  by  the  valve,  when  the  late  cut-off  is 
with  least  travel,  produces  considerable  wire-drawing. 

If  the  engine  is  generally  to  work  with  a  cut-off  at  from  \  stroke  to  J 
stroke,  then  &e  former  valve  arrangement  is  the  better ;  if  the  ont-off  is  to 
be,  as  a  rule,  from  ft  to  |  the  stroke,  then  the  latter  is  better,  except  that 

"  IC 
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it  u  BOinewhat  inoonTsniBnt  to  hkve  the  port*  closed  when  the  valve  hu 
leMt  travel,  and  also  that  whea  the  expansion  valve  is  not  required  it  most 
be  moving  at  its  highest  speed. 

The  cliief  objection  to  this  kind  of  expansion  valve  is  the  large  amoant 
of  clearance  space  between  it  and  the  piston,  for  the  steam  expands  in  the 
valve-box,  as  well  as  in  the  cylinder,  tmtil  the  main  valve  closes.  It  was, 
however,  very  generally  used  in  the  Navy  for  the  cut-off  for  cruising  speeds, 
and  had  the  advantage  of  not  interfering  with  or  in  any  way  affecting  the 
main  valve*  in  case  of  anything  happening  to  it 

Ontslde  Cut-off  ValveB. — When  the  expansion  valve  works  on  a  &ce  on 
the  back  of  the  main  valve,  the  latter  is  provided  with  steamways  through 
it  from  the  ports  on  its  back  to  the  ports  on  its  face.  If  the  main  valve 
is  single-ported,  it  is  like  a  common  locomotive  slide-valve  with  enolosing 
ends,  BO  that  steam  passes  to  the  cylinder  only  through  the  passages  thus 
formed.  There  are  then  two  ports  on  the  back  of  the  valve,  one  of  which 
is  covered  at  ont-off  by  the  expansion  valve,  and  remains  covered  until  the 
main  valve  cuts  off.  The  expansion  valve  may  consist  of  a  single  flat  plate, 
which,  when  in  mean  position  with  respect  to  the  main  valve,  is  between 
the  ports  on  the  back  of  the  main  valve.  If  any  variation  of  the  cut-off  is 
required  in  this  case,  it  is  effected  by  varying  the  travel  of  the  expansion 
valve  with  respect  to  the  main  valve,  or  by  altering  the  Uad  of  the  expan- 
sion eocentrio.  The  latter  plan  would  generally  be  very  inconvenient,  and, 
consequently,  when  auoh  a  valve  is  fitted,  Uie  variation  is  effected  by 
varying  the  travel. 

On  aooonnt  of  the  cut-off  being  effected  by  the  outside  edges  of  the 
expansion  valve  and  the  ports  in  the  main  valve,  these  are  called  outside 
cut-off  valves.  Since,  however,  the  motion  of  the  valve  will  be  slow  when 
cutting  off  with  a  small  relative  travel,  it  is  unusual  to  fit  a  single  plate, 
but  to  divide  it  and  arrange  the  gear  so  that  the  two  plates  may  be  moved 
apart  from  one  another  so  as  to  virtually  increase  their  lap,  and  cause  them 
to  cut  off  earlier  with  the  same  traveL  The  result  of  this  arrangement  is 
that  the  expansion  valve  moves  always  at  the  same  velocity  and  through 
the  same  space ;  the  cutoff  occurs  when  moving  at  or  near  the  maximum 
velocity,  whatever  be  the  period  of  cut-off,  and  there  is  oonsequently  little 
or  no  wire-drounng  at  the  ports.  The  plates  should  be  so  designed  that 
when  cutting  off  at  the  earliest  required  period,  they  do  not  overrun  the 
port  BO  as  to  pass  steam  through  at  the  inner  edges,  and  that  they  may 
approach  dose  enough  together  as  to  allow  of  a  late  out-off  if  required 

The  usual  method  of  altering  the  position  of  the  plates  b  by  securing 
them  by  nuts  to  a  co  mmon  spindle,  on  which  Is  out  a  right-handed  thread 
for  the  one  plate,  and  a  left-handed  thread  for  the  other,  so  that  when  the 
spindle  is  revolved  the  plates  move  in  opposite  directions.  The  nnts  should, 
of  course,  be  made  of  bronze,  and  provided  with  collars  or  other  suitable 
device,  so  that  when  the  spindle  is  turned  round  they  do  not  revolve  with 
it,  but  only  move  the  plates.  The  valve  spindle  usually  passes  through 
both  ends  of  the  valve  box,  and  is  connected  to  the  eccentric-rod  by  a 
swivel-joint,  which  permits  it  to  be  turned  round;  the  other  end  has  a 
feather-way  cut  in  it,  and  passes  through  a  socket,  which  is  held  in  place 
by  a  suitable  bracket,  provided  with  a  fixed  feather  which  fits  into  the 
groove  in  the  spindle,  and  a  wheel  by  which  it  can  be  turned ;  by  these 
means  the  spindle  can  be  turned  while  the  engine  is  at  work. 

This  plan  suffices  for  small  engines,  but  the  power  required  to  move  the 
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■pindle  npidly  inoreues  with  th«  bus  of  the  engine,  and  thii  not  bo  much 
owing  to  the  friction  of  the  Tklvea  or  external  fittings,  u  to  that  of  the 
screwed  parta  of  the  spiodle  in  the  nuts  on  the  back  of  the  valve  from  want 
of  lubrication.  ThiB  difficulty  is  io  great  that  in  engines  of  50  N.H.P., 
only  after  a  few  days  of  work  without  altering  the  pusition  of  expansion 
Talve,  it  has  been  found  imposeibte  to  turn  the  spindle  roand  with  the 
means  at  oommand.  To  avoid  this  difficulty  the  gear  for  varying  the  cut-off 
ehould  be  outside  the  valve-box,  and  under  the  inspection  of  the  engineer. 
A  good  plan  for  carrying  oat  this  is  to  provide  each  valve  plate  with  a 
separate  rod ;  each  rod  passes  through  a  stu£Qng-box,  and  is  connected  to  a 
croashead  by  a  nut  in  it,  which  is  free  to  turn  round  so  as  to  adjust  the 
position  of  the  spindle,  lliese  nuts  nay  have  wheels  keyed  to  them  gearing 
into  one  another,  or  they  may  have  worm-wheels  operated  on  by  a  worm 
between  them ;  in  either  case  the  nuts  will  turn  round  in  opposite  direc- 
tions, BO  that  if  the  threads  on  both  the  spindles  are  right-handed,  the 
turning  of  the  nuta  will  cause  the  valves  to  move  in  opposite  directions. 
The  spindles  are  secured  to  the  valve  plates,  so  that  they  cannot  turn  round 
when  the  nuts  are  turned ;  they  are  also  of  neceseity  out  of  centre  with 
the  valves,  which  must  consequently  be  guided  sideways  on  the  main 
valve.  The  only  objectionable  feature  in  this  arrangement  is,  tbat  the 
spindles  are  not  secured  to  the  middle  of  the  valves ;  but  practice  has 
shown  that  this  is  no  detriment,  and  the  whole  system  works  exceedingly 
well. 

If  the  engine  to  which  this  kind  of  expansion  valve  ia  fitted,  is  required 
to  work  with  the  same  efficiency  in  item-gear  as  in  head-gear,  the  eccentric 
should  be  in  line  with  and  on  the  Bide  of  the  shaft  opposite  the  orank,  and 
ita  throw  should  not  be  less  than  that  of  the  main  valve  eccentrics.  I^ 
however,  the  engine  will  seldom,  and  for  only  short  periods,  work  in  item- 
geatr,  the  eccentric  should  be  on  the  same  side  as  the  crank,  but  nearer  tike 
ttem-gomg  eccentric  than  the  head-going  one  ;  then  the  relative  travel  of 
the  valves  is  greater  in  headr  than  item-gear,  and  the  out-ofi*  is  also  earlier 
in  head-gear,  so  that  if  a  sudden  order  were  given  to  (Mtem,  the  engine  is 
bettor  prepared  for  carrying  out  that  order. 

The  equalisation  of  cut-off  at  top  and  bottom  of  cylinder,  for  all  positions 
of  out^>S^  is  effected  by  causing  one  plate  to  move  more  per  revolation  of 
the  spindle  than  the  other;  and  in  the  case  of  the  double  spindle  arrange- 
ment, the  wheels  on  the  nuts  are  so  proportioned  as  to  obtain  the  same 
result 

Inside  Cnt-off  Valves. — So  called,  because  steam  is  cot  off  at  the  inside 
edges  of  the  expansion  valve.  The  eccentric  is  in  this  case,  also,  nearly  in 
line  and  on  the  same  side  as  the  crank,  so  that  the  relative  travel  with  the 
same  throw  of  the  eccentrics  is  greater  than  in  the  case  when  the  expansion 
eccentric  is  opposite  the  crank,  and  consequently  on  the  same  side  as  the 
eccentrics  of  the  nuun  valve. 

The  variation  in  cutoff  can,  in  this  case,  be  effected  in  a  manner  similar 
to  the  last;  but  since  the  relative  travel  is  so  much  greater,  and  since  it 
would  be  inconvenient  to  spread  out  the  valve  so  much,  it  ia  usually  effected 
by  varying  the  travel  by  means  of  a  link,  aa  already  described,  or  by  a  link 
having  one  end  coiineot«d  to  an  eccentric  and  the  other  to  a  rod  jointed  to 
a  fixed  point  on  the  foundation,  or  more  usually  on  the  shaft,  and  called  the 
dumb  rod,  because  of  its  similarity  in  position  to  the  eccentric-rod,  without 
the  longitadinal  motion  of  the  latter. 
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Flltoll  lnmnitAn  Tttret. — When  the  Buia  vtlre  ia  k  piston  vsln,  tka 
•XMiuioa  valve  m»:j  be  ilio  a  pUton  valve  working  witHn  the  main  valve, 
ana  on  the  aame  priaoiplee  as  described  for  elide  valves.  This  plan  has  been 
pat  into  practice  by  several  engineers,  and  although  somewhat  complex  in 
strnotare,  does,  no  doabt,  work  satisfactorilj,  and  with  little  friction.  The 
spindles  an  sometimes  oat  of  centra;  bat  not  always,  as  the  ezpanaion 
valve-rod  passes  through  the  top  of  the  valve-box,  while  the  main  valve-rod 
is  through  the  bottom  as  nBnal. 

Ezpuition  VilvM  tor  Compoond  Engines. — The  Admiralty,  in  order  to 
carry  out  the  principle,  that  to  work  a  oompoond  engine  with  maximam 
economy  there  ^ould  be  as  little  drop  as  possible,  and  that  the  power  shall 
be  evenly  divided  between  the  two  cylinders,  used  to  &t  expansion  valves 
to  both  cylinders  of  even  vary  small  engines,  snd  thereby  so  complicated 
them  as  to  render  them  anything  but  easy  to  keep  in  order  and  to  work. 
Some  English  engineers,  and  very  many  French  engineers,  always  provided 
an  expansion  valve  to  the  high-pressure  eylinder,  so  that  when  working  at 
high  grades  of  expansion,  nearly  the  whole  of  the  work  was  done  in  that 
cylinder.  It  has  been  stated  that  to  effect  a  cut-off  earlier  than  half-stroke 
effieiendy,  a  separate  cat-off  valve  is  necessary,  but  this  is  only  strictly  tme 
when  the  full  speed  of  the  engine  is  maintained  with  such  a  cut-off.  If  full 
speed  is  attained  at  a  cnt-on  somewhat  later  than  half-stroke,  a  rtdvoad 
speed  can  be  obtained  tcith  afficianej/  with  an  earlier  cat-off  by  simply 
"linking  np;"  for  the  port  area  being  suited  to  the  higher  speed,  the 
reduction  of  opening  on  "  linking  up  "  is  not  materially  felt  at  the  reduced 
speed,  the  consequent  compression  sjso  adds  to  the  economic  working  of  the 
engine  at  high  grades  of  expansion,  and  if  the  valves  have  been  ao  set  that 
at  fall  speed  the  work  ia  evenly  divided  between  the  cylinders,  so  it  will  b^ 
with  bat  slight  variation,  on  "  notching  up  "  the  links  of  all  the  cylinders 
(t).  fig.  106).  Expansion  valves  are  needless  additions  to  the  marine  engine, 
and  should  be  avoided,  as  all  sources  of  possible  breakdown  or  derangement 
ought.     These  valves  have  never  been  fitted  to  triple-expansion  engines. 

Ecoantrics. — The  sheaves,  or,  as  they  are  sometimes  called,  pulleys,  are 
made  usually  of  oast  iron,  and,  when  possible,  each  is  in  one  piece,  bored  ont 
so  as  to  fit  the  shaft  on  to  which  it  is  keyed.  It  is  essential  that  it  shall  fit 
the  shaft  quite  tightly,  or  otherwise  it  will  soon  beoome  loose  from  the  con- 
tinual sudden  and  intermittent  application  of  the  strain.  When  the  coup- 
lings or  flanges  on  the  shaft  do  not  admit  of  the  sheaves  being  fitted  in  this 
way,  it  is  usual  to  divide  them  on  a  line  through  the  centre  of  the  shaft  at 
right  angles  to  the  line  passing  through  the  centre  of  shaft  and  centre  of 
eccentric.  The  two  auequal  parte  are  securely  bolted  together,  and  keyed 
to  the  shaft  on  the  line  through  the  centres,  so  that  the  whole  of  the  strain 
oomes  on  the  lai;ger  and  stronger  half,  the  lesser  half  acting  only  the  part  of 
a  clamp  to  hold  it  to  the  shaft.  When  it  is  desirable  to  keep  the  diameter 
of  the  sheaves  as  small  as  possible,  this  clamp  piece  should  be  of  wrought 
iron  or  steel.  Great  care  should  be  exercised  in  fitting  the  two  peurts  of  the 
sheave  together,  and  also  in  "bedding"  them  on  the  shaft.  Some  engineers 
make  all  eccentric  sheaves  in  parts,  owing  to  the  difficulty  of  fitting  them  to 
the  shaft  when  in  one  casting.  Sheaves  are  sometimes  divided  through  the 
line  of  centres,  ao  that  each  part  is  a  half,  but  this  is  not  so  satisfactory  a 
plan,  as,  from  want  of  a  connection  at  the  small  part,  the  joint  ia  very  apt 
to  spring  open  and  damage  the  strap,  besides  eventually  cauning  the  sheave 
to  beoome  loos«  on  the  shaft.     When  such  a  division  is  made  there  should 
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be  a  conneoting  bolt  u  olon  io  the  sh&ft  as  poaaible,  ma  veil  aa  one  at  the 
extremity,  and  also  there  should  be  a  key  to  each  half  of  the  sheave  and  the 
ihaft^  When  the  eooeutrioa  an  very  large,  and  have  to  drive  heavy  valves, 
it  is  al«o  advisable  to  make  the  small  part,  when  divided,  as  above  deaoribed, 
of  wrought  iron  or  oaat  steel. 

The  diameter  of  an  eooentric  sheave  -  1*2  (tbrow  of  eooentric  +  diameter 
of  shaft). 

Breadth  of  the  sheave  at  the  shaft  •        -     -  1-2S  x  D  +  0-6S  inoh 

„  „  „      strap  -        -     =  1-2    X  D  +  0-63 

Thickness  of  metal  around  the  sutft 
„  „  at  oircamference 

Breadth  of  key        .... 

Thickness    „ -  0-26  x  D  +  fl 

Diameter  of  bolts  conneoting  parte  of  strap  ■•0-6     x  D  +  0 
The  headgoing  sheave  should  be  33  per  cent  broader. 


-V'- 


D  is  found  as  before,  and  is  -   */ = f-.  (v.  p.  278). 

Eocentrie  Straps  are  made  generally  in  the  form  of  a  hoop,  with  Ings 
to  oonueot  the  halves  together,  and  with  a  base  for  the  rod,  if  it  is  not 
formed  with  the  sbmp.  When  the  face  of  the  sheave  is  formed  with  small 
flauges  on  each  side,  the  section  of  the  strap  is  rectangular ;  but  Uie 
more  common  practice  is  to  make  the  strap  with  small  flanges,  so  as 
to  overlap  the  face  of  the  sheave,  and  bear  on  parts  on  each  side.  The 
advantage  of  the  latter  plan  is  that  the  sheave  is  not  neoessarily  broader 
than  the  strap,  and  the  oil  does  not  run  off  bo  readily  when  m«  engine 
is  at  work. 

Some  engineers  prefer  to  turn  the  face  of  the  sheave  with  a  V-shaped 
groove,  and  form  the  strap  to  fit  into  this ;  but  it  is  not  a  good  plan, 
owing  to  a  small  amount  of  wear  permitting  of  very  considerable  side 
play  (this  again,  though  generally  a  fault,  becomes  a  virtue  with  badly- 
fitted  link-motions). 

Eccentric  sheaves  have  been  made  with  a  narrow  projecting  oollor  in 
the  middle  of  the  face,  the  straps  having  a  groove  turned  to  suit  it.  By 
this  plan  the  straps  are  prevented  &om  having  side  play,  but  the  oil  is 
not  retained,  as  is  the  case  with  all  the  o^er  methods. 

The  straps  are  usually  made  of  bronse,  or  of  wrought  iron  lined  with 
bronze  or  white  metal;  but  cast-iron  straps  give  very  great  satisfaction, 
especially  when  of  large  size ;  cast  iron  lined  with  white  metal  also  has 
been  adopted  by  some  engineers  with  success.  Malleable  oast  iron  and 
cast  steel,  lined  with  either  brass  or  white  metal,  while  having  a  strength 
beyond  that  of  the  cast  iron,  do  not  cost  nearly  so  much  as  bronse  or 
wrou|^t  iron  for  straps,  and  ore  now  being  largely  employed  in  the 
mercantile  marine. 

When  of  bronze  or  malleable  cast  iron  : — 

The  thickness  of  eccentric  strap  at  the  middle  —  0-4  x  D  +  06  inch. 

„  „  „  sides     -  0'3  x  D  +  0-0  inch. 

When  of  wrought  iron  or  cast  steel : — 

Thickness  of  eccentric  strap  at  the  middle  -  0'4  x  D  +  0'6  inch. 

„  „  „  ddes     -  0-27  x  D  +  0-4  inch. 


REVXB8IN0  GEAR.  SQO 

Ecoentrio-nda — Unless  those  are  verr  short  indeed,  it  is  better  to 
iDKke  then  separate  from  the  straps,  as  then  the  breakage  of  either  does 
not  condemn  both.  Ther  are  made  of  wronght  iron  when  long ;  steel 
cannot  here  be  employed  with  adrantage,  as  owing  to  its  modulus  of 
elasticity  being  so  near  that  of  iron,  no  reduction  in  site  can  be  made. 

The  diameter  of  the  rod  in  the  body  and  lower  end  may  be  calculated 
in  the  same  way  aa  that  of  a  oooneoting-rod,  the  lengtl)  being  taken 
from  centre  of  strap  to  centre  of  pin. 

The  diameter  of  eccentric-rod  at  the  link  end  >=  0'8D  +  O'Siach. 

Eccentric-rods  ore,  however,  oflen  made  of  rectangular  section,  which 
is  the  correct  form  for  the  stresses  it  has  to  withstand,  bnt  is  not  00 
economic  to  manufacture. 

fierenlng  Qear  should  be  so  designed  aa  to  have  more  than  sufficient 
strength  to  withstand  the  strain  of  both  th«  wUt>e$  and  their  gear  tU  iht 
tatM  time  under  the  most  anfaronrable  circumstances;  it  will  then  have 
the  ttiffhett  requisite  for  good  working. 

Assuming  the  work  done  in  rerersiag  the  link-motion,  W,  to  be  only 
that  due  to  overcoming  the  friction  of  the  valves  themselves  through 
their  whole  travel,  then  if  T  be  the  travel  of  valvee  in  inches;  for  » 
compound  engine 

_.        T   /L  X  B  X  e\        T  /P  X  B'  X  p>\    . 
and  for  an  expansive  engine  with  two  cylinders 

To  provide  for  the  friction  of  link-motion,  eooentrics,  and  other  gear, 
and  for  abnormal  conditions  of  the  same,  take  the  work  at  one  and  a-half 
times  the  above  amount. 

To  find  the  stress  at  any  part  of  the  gear  having  motion  when  revers- 
ing, divide  the  work  so  found  by  the  space  moved  through  by  that  part 
in  feet,  the  quotient  is  the  stress  in  pounds ;  and  the  size  may  be  found 
from  the  ordinary  rules  of  coustmctlon  for  any  of  the  parts  of  the  gear. 
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CHAPTER    XIV. 

TALVB  DUOBAMS. 


notion  of  tbe  Piston. — Fig.  1 07  UlustrateB  an  ingemoaa  method  proposed 
bj  Profeasor  Zeaner  for  finding  the  position  of  the  piston  at  any  position  of 
the  crank,  and  should  be  used  always  when  constructing  a  valve  diagram,  in 
order  to  find  the  points  of  out-u^  release,  oompresaion,  &c. 


Fig.  107.— DU|p«m  of  the  Piaton  Path. 

The  following  is  the  construction  of  snch  a  diagram : — Draw  a  line  T  F, 
and  on  it  take  «  middle  point  0 ;  cat  off  a  part  C  D,  equd  to  the  radius  of 
the  crank  {to  an}r  convenient  scale),  and  a  part  D  T  equal  to  the  length  of  the 
con  n  ecting-rod. 

With  I>  as  centre,  and  D  T  as  radius,  draw  a  circle  cutting  the  initial  line 
at  E.  With  C  as  centre,  and  0  T  as  radius,  draw  another  circle ;  and  with 
C  as  centre,  and  0  E  as  radios,  draw  a  third  circle.     To  find  the  position  of 


DIAQRAH  FOR  THE  COHUON  SLIDE-VALTES. 


297 


the  piston,  vith  respect  to  its  extreme  position,  for  a  position  of  orank  0  R 
when  it  has  moved  through  an  angle  D  C  B  from  the  "dead"  point  0  D; 
produce  C  B  to  cut  the  circles  at  B'  P 1" ;  tben  the  piston  has  moved  through 
a  space  T  P  in  turning  the  crank  through  the  angle  D  C  B,  and  it  is  distant 
from  the  other  end  of  its  stroke  hy  a  space  P  B'.  The  correctness  of  this 
conatraotion  is  easily  seen  by  supposing  an  engine  whose  piston  is  con- 
nected directly  to  the  crank-pin  (such  as  the  trunk  engine)  to  be  turned 
around  about  its  shaft,  while  the  crank  remains  stationary  in  the  posi- 
tion 0  D.  The  circle  T  T  F  represents  the  path  of  the  back  end  of  the 
crlinder,  and  B  B'  E  that  of  the  front  end,  since  the  cylinder  is  turned  about 
tlie  point  C  ;  the  path  of  the  piston  will  be  on  the  circle  T  P  E,  since  it  is 
held  at  the  same  distance  from  the  crank-pin  D. 

Diagram  for  the  Common  81ide-Talves.~-(l)  Qiven  the  travel  of  the  valve, 
amonnt  of  the  lead  or  opening  of  valve  at  oommancement  of  stroke,  and  the 
point  of  cut-off,  to  find  the  lap  of  the  valve  and  the  position  of  the  eccentric, 
tc     These  are  the  cosditious  generally  predetermined  in  everyday  pr&ctice. 


108. — Zmner's  INagram  for  tha  Common  Valve  Motion. 


Fig.  108. — Draw  a  straight  line,  whose  length  A  B  is  equal  to  the  travel 
of  the  valve,  and  on  it  as  diameter  draw  a  circle,  the  centre  of  which  is  at 
0.  Draw  a  line  CE,  so  that  ACE  is  the  angle  through  which  the  crank  has 
to  move  to  arrive  at  the  position  of  cut-off  (this  is  to  be  obtained  by  drawing 
the  piston  diagram  outside  the  circle  AEB).  With  A  as  centre,  and  a 
radius  A  F  equal  to  the  kad,  draw  part  of  a  circle,  and  through  E  draw  a 
line  touching  the  circle  and  cutting  th«  original  circle  &t  K. 
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Througb  C  drav  a  line  C  D  perpend icoUr  to  B  K,  uul  cutting  it  «t  L. 
ThU  line  OD  bisects  the  angle  ECE. 

0  L  is  the  unonnt  of  Up  required,  and  B  0  D  is  the  angle  between  the 
crank  and  eooentrio  to  obt«in  the  cnt-off  required ;  and  since  OD  is  the 
half-travel  of  the  valre,  L  D  is  the  maximam  amount  of  opening  of  the  port. 

To  extend  the  usefulness  of  the  diagram,  on  0  D  as  diameter,  draw  a 
circle,  and  with  0  sa  centre,  and  L  as  distance,  draw  the  arc  of  a  circle 
0  L  M,  which  is  called  the  lap  circle.  The  part  O  H  intercepted  b;  these 
circles,  is  equal  to  A  T,  and  represents  the  had  or  opening  when  the  crank 
is  in  position  CAj  X  Y  likewise  represents  the  opening  of  the  port,  when 
the  crank  is  in  position  0  Y. 

To  determine  the  operation  of  the  valre  at  the  other  end,  it  is  ueoessary 
to  produce  DC  to  D'  and  on  OD'  as  diameter,  draw  a  circle.  Let  H'G'  b« 
the  "lead"  at  the  other  end  of  the  valve;  with  0  as  centre,  and  CO'  as 
radios,  draw  another  lap  circle,  cutting  the  circle  OD'  at  M'.  Through 
C  H'  draw  a  line  0  E'.  Then  0  £'  is  the  position  of  crank  at  cut-off,  it 
having  moved  through  the  angle  BOE'  and  OQ'  it  the  amount  of  lap 
required. 

(2)  If,  however,  the  travd,  lap,  and  lead  are  given  to  find  tha  position  of 
eccentric  and  cut-off,  the  following  is  the  oonstmction : — 

Draw  on  A  B  as  diameter,  the  circle  as  before.  Cut  offOO  squid  to  the 
lap,  and  O  H  eqaal  to  the  lead.  At  H,  erect  a  perpendicular  to  A  B,  cutting 
the  circle  at  D.  Join  0  D,  and  on  it  as  diameter,  draw  a  circle ;  with  0  as 
oentre,  and  C  Q  as  radius,  draw  the  lap  circle,  cutting  the  eircle  0  D  at  M. 
Draw  a  line  through  C  M,  cutting  circle  A  D  B  at  E. 

Then  0  E  is  the  position  of  cut«fi|  and  B  0  D  is  th«  angle  between  the 
crank  and  eooentrio. 

(3)  Given  the  tratiel,  lap,  and  potiiion  of  toomlric,  to  find  the  cnt-off, 
lead,  Ac  Let  B  0  D  be  the  angle  between  the  crank  and  the  eccentric 
Draw  the  travel  circle  as  before,  and  on  0  D  as  diameter  draw  the  circle 
catting  A  B  at  H.  Draw  the  lap  circle  Q L M,  then  OH E  is  the  position 
of  cutoff,  and  Q  H  is  tbe  lead. 

The  position  of  tbe  crank  when  the  valve  commences  to  open  is  OK,  or 
at  the  angle  ACE,  with  its  initial  position. 

If  the  valve  has  no  inside  lap — that  is,  tbe  ports  are  both  just  closed  to 
exhaust  when  the  valve  is  in  mid  position — ^the  position  of  release  ia  at  0  R, 
a  line  at  right  angles  to  0  D ;  and  the  position  at  which  compression  takes 
place  is  C  R',  also  at  right  angles  to  0  D. 

If,  however,  the  valve  bos  intide  lap  amounting  to,  say,  0  Q',  release  will 
not  take  place  till  the  crank  is  at  0  K'. 

If,  on  the  other  hand,  the  valve  is  out  away  on  the  inside  so  as  to  have 
negative  lap  to  the  amount  of  0  M,  then  release  will  take  place  at  0  E,  and 
compression  at  C  E. 

If  the  inside  lap  is  less  than  these  amounts,  the  position  of  release  and 
oompresaion  can  be  found  by  drawing  an  inside  lap  circle  with  a  radius  equal 
to  the  lap,  and  through  the  points  where  it  cuts  Uie  circle  on  C  D  and  0  D', 
the  lines  drawn  through  0  and  those  points  of  intersection  will  give  the 
positions  of  crank. 

Travel  of  Valve. — It  is  usual  to  fix  the  travel  of  the  valve  before  deter- 
mining any  furrier  particulars,  as  so  many  things  depending  on  this  have 
often  to  be  considered  before  there  is  leisure  to  finally  decide  tlie  lead, 
lap,  ia, 
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It  will  be  seen,  on  reference  to  the  diagram,  thftt  tbe  opening  to  steam 
will  vary  vith  the  travel,  and  if  the  area  of  opening  is  fixed  from  oertain 
oonaiderationa  before-meDtioned,  it  is  an  eaay  matter  to  calculate  hov  much 
the  Talre  roust  open  to  give  that  area.  Now  the  opening,  together  with  the 
lap,  is  eqoal  to  half  the  travel,  and  with  the  same  poiitioru  of  "  lead  "  and 
cnt-off,  the  opeoiag  will  be  a  constant  ratio  of  the  travel.  Tliis  ratio  can  be 
determined  by  drawing  a  preliminary  diagram  with  an  assumed  travel  of 
valve.     Let  R  be  this  ratio,  and  Q  the  amount  of  opening  desired ;  then 

Travel  of  valve  =  Q  +  R. 
Since  it  is  osnal  to  design  the  ports  of  a  steam  cylinder  so  that  the  flow  of 
steam  when  exhausting  may  not  exceed  a  certain  velocity,  it  is  evident  that 
the  port  should  open  fully  for  that  purixMe  )  hence  the  travel  of  the  valve, 
when  there  is  no  inside  lap,  should  not  be  less  than  twice  the  length  of  the 
port,  and  is  generally  about  2^  to  8  times  the  length  of  the  ports. 

The  less  travel  toe  valve  makes,  the  less  work  is  absorbed  in  moving  it, 
as  the  work  is  very  nearly  proportional  to  the  travel.  Double-  and  treble- 
ported  valves  are  resorted  to  with  the  object  of  reducing  the  travel,  as 
by  them  double  and  treble  openingB  are  obtained,  and  the  travel  may, 
therefore,  be  one-half  and  one-third  that  of  the  common  valve  with  single 
porta. 

"Lead." — ^The  amount  of  lead  given  to  the  valve  ia  generally  decided 
arbitrarily  and  according  to  judgment  or  pr^udice.  It  will  be  seen  by 
referring  to  fig.  108  that  with  the  same  "  lap  "  an  earlier  cnt^ff  is  obtained 
by  moving  the  eccentric  farther  from  the  crank,  but  at  the  same  time 
increasing  the  "  lead ; "  if  the  earlier  cut-off  is  to  be  obtained  without  alter- 
ing the  "lead,"  the  lap  must  be  increased  and  the  eccentric  moved;  but  if 
tiie  lap  be  increased,  the  opening  is  decreased,  and  the  resistance  at  tiie 
port  thereby  increased.  If,  therefore,  an  early  cut-off  is  required  wiUtout 
the  aid  of  an  expansion  valve,  the  "  lead"  must  be  great  or  the  travel  great, 
to  get  sufficient  opening  to  steam,  or  the  lead  and  travel  must  be  both  larger 
than  would  be  the  case  with  a  later  out-off. 

The  considerations  which  should  operate  in  deciding  the  amount  of  lead 
are  the  speed  of  the  engine  and  the  weight  of  moving  parts  compared  with 
the  piston  area.  The  momentum  of  the  piston  and  rods  should,  if  possible, 
be  absorbed  in  compressing  the  steam  remaining  in  the  cvlinder  wnen  the 
valve  closes  to  exhaust ;  and  were  this  always  the  case,  there  would  be  no 
need  for  fresh  steam  to  enter  the  cylinder  until  the  piston  was  at  the  end  of 
its  stroke ;  but  this,  under  ordinary  ciraumstances,  seldom  occurs,  and  if  no 
fresh  steam  were  admitted,  "  to  form  a  cushion  "  for  the  piston,  there  would 
.  come  a  considerable  jar  on  the  bearings,  Ao.,  at  the  end  of  every  stroke, 
owing  to  the  strain  increasing  the  displacement  of  the  shaft  in  its  bearings, 
and  the  sudden  application  of  the  luwl  when  the  valve  opens,  causing  its 
replacement  with  considerable  force.  This  action  b  also  observable  irtien 
there  is  considerable  "lead"  without  adequate  "compression;"  and 
although  the  "hammering"  is  usually  attributed  to  excessive  "lead,"  it  is 
really  due  to  want  of  compression,  for  on  "  notching-up  "  the  link,  it  gene- 
rally ceases,  notwithstanding  that  the  lead  is  then  thereby  very  considerably 
increased. 

Long-stroke  engines  may  have  considerably  more  lead  than  those  of  Hie 
aame  cylinder  capacity  with  shorter  stroke,  as  the  weight  of  moving  parts 
it  not  leas  and  sometimes  more,  the  piston  velocity  is  more  (with  the  sam* 
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number  of  revolations),  while  thepiaUm  otm  i<  Umm.  Fast-ruDaing  engioea 
may  tito  b»v«  mor«  "  lead "  thaa  alow-ramung  onet,  as  the  element  of 
time  bflftrsoQ  the  operation  of  the  iteam.  Again,  if  oving  to  the  valve 
motion  the  ralve  opens  slowl;^,  the  period  of  admission  maj  be  esjrlier  than 
should  be  the  case  with  a  quick  opening  one,  aa  the  wire-drawing  mt  the 
commencement  of  admission  will  produce  a  similar  effect  to  oompression. 

The  amount  of  lead  at  each  end  will  vary  for  two  reaaans ;  fii-at,  the  cut* 
off  at  each  end  being  effected  hy  the  same  eccentric,  any  variation  in 
position  of  cut-off  must  be  obtained  by  varying  the  lap,  and  any  variation 
in  the  lap  will  cause  an  invene  variation  in  tiie  lead ;  secondly,  the  lead 
should  be  less  at  that  end  of  the  valve  remote  from  the  gear,  as  the  adjust- 
meut  after  wear  of  the  latter  tends  to  increase  the  "  lead  "  at  that  end.  If 
the  cut-off  is  equal  at  both  ends  the  laps  will  vary,  that  at  the  end  of  a 
direct  acting  engine  remote  from  the  shijt  being  more  than  that  at  the  other. 
With  the  ports  as  generally  found  in  everyHOa;  practice,  and  with  soob 
travels  as  are  practicable,  tiie  cut-off  at  the  end  near  the  shaft  should  be 
earlier  than  at  the  end  remote  from  it,  as  the  larger  opening  Mt  by  the 
decreased  lap  causes  a  fuller  indioator^iiagram  at  that  end.  For  theee 
reasons  many  engineers  arrange  so  that  the  lead  at  the  baok  or  top  end 
is  only  half  that  at  the  front  or  bottom  end. 

when  a  oomponnd  engine  is  to  be  worked  with  a  cut-off  at  or  before 
half-stroka  without  expansion  valves,  it  is  best  to  arrange  the  valves  to 
out  off  at  about  O'fi  of  the  stroke  wiUi  very  small  "leads,"  so  that  when 
required  the  engine  is  easily  handled,  and  when  working  at  its  normal  speed 
the  earlier  cut-off  is  obtained  by  notching  ap  without  excessive  leads. 

Inside  Lap, — The  effect  of  positive  lap  on  the  exhaust  side  of  the  valve 
is  to  retard  the  period  of  release,  and  to  inorease  the  oompression  by 
accelerating  the  closing  to  exhaust.  The  effect  of  negative  lap  is,  of  course, 
the  reverse  of  this,  and  is  also  to  give  a  fall  opening  to  exhaust  sooner 
than  would  be  the  case  with  positive  lap.  A  large  amount  of  lap,  either 
negative  or  positive,  is  necessary  on  the  inside  of  a  valve  to  materially 
change  the  periods  of  release  and  closing  to  exhaust,  because  just  then  the 
valve  is  moving  at  its  quickest  speed  ;  but  a  small  amount  or  negative  lap 
makes  a  considerable  difference  to  the  amount  of  opening  to  exhaust  at  the 
end  of  the  stroke,  when  the  steam  should  exhaust  wholly  from  the  cylinder. 
There  is  no  advantage  in  retaining  steam  in  the  cylinder  to  the  very  end  of 
the  stroke,  as  the  effort  of  the  piston  on  the  crank  is  ineffective  to  produce 
good  resnlta,  snd  any  forward  pressure  only  serves  to  increase  the  difficulty 
of  bringing  the  piston  gently  to  rest  by  means  of  onshioning,  Ac,  and  this 
is  especially  true  of  quick-moving  engines,  whose  steam  ports  are  oom- 
para^vely  small. 

If  the  valve  haa  negative  lap  on  the  exhaust  side,  it  is  manifest  that  at  a 
oortain  period  there  is  a  communication  between  both  ends  of  the  cylinder; 
when  the  negative  lap  is  oonsiderable,  and  the  ports  small,  the  efiisctof  such 
a  communication  is  to  fill  the  exhausted  cylinder  on  one  side  of  the  piston 
with  the  steam  released  from  the  other  side,  just  before  the  valve  closes  to 
exhaust,  and  is  seen  very  distinctly  on  the  indicator-diagrams,  in  the  form 
of  a  sudden  rise  of  pressure  at  the  commencement  of  the  compression.  In 
cases  of  this  kind,  ample  compensation  is  made  for  the  retarding  of  the  com- 
pression by  negative  lap  in  the  increase  of  back  pressure  at  the  oommenoe- 
ment  of  oompression. 

The  high-  and  medium-pressure  valves  of  compound  soiew  engines  shotold 
i:„iP-:-.Got>^lc 
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alwAyi  hftTe  a  coiuiderable  ftmonnt  of  negatdre  inride  Up,  to  allow  of  ft 
continaoui  and  euy  flov  of  steam  daring  exbauBt.  The  amount  of  nogativ* 
lap  on  the  inside  should  be  alwayt  less  than  the  outside  lap  of  the  valve, 
otiierwiae  there  will  not  be  enoueb  bar  to  cover  the  port,  so  that  steam 
can  pass  from  the  vftlve-boz  to  tne  exhaust  jnst  as  the  valve  is  opening 
and  ehatting ;  ioit  a  quick-running  oompoand  engine  there  should  be  suoh 
lap  that  exhaust  oomoieiices  from  the  high-  and  medium-pressure  cylinder 
at  0-9  of  the  stroke;  and  with  a  slow -working  paddle  engine  not  later  than 
0-95  the  stroke. 

Effect  of  «  Notching  Up." — When  an  engine  ia  fitted  with  link-motion 
or  other  means  of  reversing  it  without  throwing  "  out  of  gear,"  so  that 
the  mechanism  whioh  would  produce  stem  motion,  can  be  made  to  effect 
that  produoing  ahead  motion,  a  certain  variation  in  the  out-off,  release, 
&C.,  oan  be  effected  bv  what  is  called  "  notching  up."  The  origin  of  this 
term  is  clearly  traoeable  to  the  locomotive,  whose  reversing  lever  is  held 
in  place  by  a  sliding-bolt  fitting  into  a  notch  in  a  quadrant  provided  for  the 
porpoae. 

When  the  hnk  is  notched  np  so  that  the  block  works  the  valve  from  a 
point  between  its  two  extreme  positions  on  the  link,  the  motion  is  one  due 
to  the  combined  effort  of  both  eocentrice,  and  in  order  to  examine  clearly 

the  operation  of  the  valve  under  these  circumstances,  it  is  necessary  to  find 

the  position  and   throw  of    the  eqv,ival«nt  eceentric      To  determine  this 

exactly  is  somewhat  difficult,  but  a  very  close  approximation  can  be  made 

by  the  method  sugeested  by  Mr.  Macfarlane  Gray,  as  follows : — 

Suppose  the  link  (fig.  110)  to  be  notched  up  to  a  point  M  ;  or,  in  other 

words,  the  link  moved  so  that  the  link  block  is  distant  M  T  ^m  the 

point  at  which  the  eccentric-rod  is  attached  to  the  link. 

Draw  the  valve  diagram  (fig.  109)  due  to  the  position  and  throw  of  the 

eccentrics  of  fig.  110;  and  through  DD'  draw  the  arc  of  a  circle  with  a 

radius  found  as  follows  : — 

BadiuB  =  length  of  eocentrio-rod  from  oentre  to  centre  y  half  the  distance 

between  the  oentres  of  the  two  eccentric  sheaves  -i-  the  distance  between  the 

centres  of  ecceutric-rod  pins  on  the  link. 

D  T  X  D  D' 

Referred  to  fig.  110,     Radius  •=  —    „  „ — . 


On  this  a 


TM 
'  DD'  ■  TF- 


Join  CZ,  and  on  it  as  diameter  draw  a  circle,  catting  the  lap  circle  at 
points  L  and  E ;  through  0  L  and  0  E  draw  lines  which  represent  the 
position  of  opening  and  closing  respectively  at  one  end  of  the  valve  when 
the  link  is  notched  up  to  the  point  11. 

It  will  be  seen  tnat  the  effect  of  notching  up  is  the  same  as  would  be 
produced  by  an  eccentric  whose  position  on  the  shaft  is  at  the  angle  B  C  Z 
with  the  crank,  and  its  eccentricity  C  Z;  that  the  opening  to  lead  is  earlier, 
and  the  magnitude  of  the  lead  considerably  increased;  that  the  reduced 
travel  gives  a  smaller  opening  to  steam,  and  that  the  cut-off  is  earlier ; 
likewise,  by  examining  farther,  it  can  be  seen  that  release  takes  place  sooner 
and  compression  commences  earlier  than  when  in  full  gear. 

"When  the  eccentric-rods  are  arranged  as  shown  in  fig.  110,  they  are  said 
to  be  op&n,  or  it  is  an  open  rod  link-motion  ;  if,  on  the  other  hand,  D  N  and 
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D'  T  be  joiDod,  it  is  uid  to  b«  a  ctocmJ  nd  liak^tulUm.  When  the  link 
motion  nu  oroned  rods,  the  sn>  DZ  D'  abould  be  oonrez  to  the  point  O, 
that  it,  the  centre  of  currature  ia  on  the  side  A. 

When  the  rodi  are  oroued,  an  earlier  cut-off  it  effected  b;  notching  up 
without  materiallT  altering  the  l«ad,  and,  in  most  oaaea,  with  a  veir  early 
cnUoff  there  is  only  a  very  small  Uwt,  Bmaller  even  than  when  in  full  gear. 
But  the  travel  ia  reduced  very  rapidly  by  notching  up,  giving  a  correspond- 
ing reduction  of  opening  to  both  steam  and  exhaust ;  so  that,  altogether, 
crossed  rods  are  not  so  convenient  as  open  ones  for  working  expansively 
by  notching  up  the  link,  and  are  very  seldom  so  fitted. 


Fig.  110.— Link  Uotion  "Notched Dp." 

The  valve  diagrams,  when  the  link-motion  is  such  as  shown  in  fig.  110, 
are  conatructed  on  the  same  principle  as  for  notching  up,  and  the  position 
oi  the  eccentrics  and  their  throw  are  determined  by  producing  the  arc  D  D' 
{fig.  109),  and  taking  a  point  Z'  beyond  D,  so  that 
ZD  TM 

DD'  +  SZ'D'TN" 
Join  0  Z*. 
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Than  OZ'  is  tbe  eocentrioitj  of  tho  BbetTM,  and  BOZ'  is  the  angle 
between  them  and  the  crank. 

Ezpanaion  Tain  on  &a  Independent  Face,  Central  Portion  Ports  Closed. — 
The  valve  in  this  case  ii  working  under  precise];  the  same  cooditione  as  a 
common  Blide-valve,  and  the  same  constrnction  of  diagram  aa  fig.  108  holda 
good. 

Expansion  Valve  on  an  Independent  Faoe,  Central  Position  Ports  Open. 
— Let  0  0' (fig.  Ill)  be  the  position  at  opening  of  valve  when  set  at  earliest 
cnt-off,  which  sboald  be  somewhat  before  that  of  the  main  valve,  and  0  £ 
tbe  position  at  tbe  earliest  cat-off  which  is  required.  Bisect  the  angle  O'C  E 
hy  the  line  OT,  and  make  CT  equal  to  half  the  maxim  am  travel  of  the 
Talvck 


face 


Fig.  HI. — Diagram  for  an  Indepeadent  Bipanuon  Valve. 

On  d  T  as  diameter,  draw  a  circle  catting  0  £  at  H. 

Produce  0  T  to  T,  making  0  T'  =  C  T. 

On  0  T'  as  diameter,  draw  a  circle  catting  0  0  at  G. 

Then  C  H  is  the  distance  of  the  catting-off  edge  of  the  valve  from  the 
edge  of  the  steam  port ;  that  is,  0  H  =  fi  & ;  and  the  lap  of  valve  &  c2  »  0  H 
-  length  of  port. 

The  width  of  the  bar  a  &  most  not  be  less  than  OT  ~  bd,  and  should 
be-(CT-&(^  +  l  inch. 

For  the  other  end  of  the  valve,  a  similar  constmotion  will  give  the 
required  resulta. 
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Let  0  E'  be  the  poaition  of  ont-off  a,t  the  other  ead  of  tiie  cj Under, 
cntting  the  circle  0  T^t  H'. 

With  0  u  cflDtre,  and  0  H'  radius,  (trow  a  circle  ontting  the  cirale  0  T" 
at  O ;  through  C  U  draw  a  line,  then  C  O  is  the  pOBitdoa  at  which  the  Talve 
opens  again. 

Hence  ag  -  CK' ;  and  the  lap  a  e  -  C  H'  -  length  of  port 

Again,  the  width  of  bar  a  b  must  not  be  leas  also  tlian  C  T  -  <te;  and 
should  be-(OT-ae)+l  inch. 

Thebar«(j  =  ab  +  lapfiif  +  lapac 

To  find  the  reduction  in  travel  for  a  later  cutK>ff  at  position  0  F  cntting 
the  port  circle  at  E.  Draw  K  K  perpendicular  to  0  F  cutting  C  T  at  R. 
On  C  R  as  diameter,  draw  a  circle  cutting  the  lap  circle  at  L.  C  R  is  tJie 
half  travel  of  valve.  0  L  is  now  the  position  at  which  the  valve  opens 
again,  which  should  not  be  before  the  main  valve  is  closed  to  steam. 

In  arranging  an  eooentric  and  gear  for  this  valve,  care  must  be  taken  in 
setting  it  tlut  Uie  expansion  valve  will  open  at  the  earliest  cut-off  before 
the  mMn  valve  opens,  and  that  at  the  latest  cut-off  it  does  not  open  again 
till  the  main  valve  is  cloned.  When  the  expansion  valve  spindle  is  in  the 
same  plane  with  the  piston-rod,  and  the  gear  is  direct  from  the  eccentric  to 
the  valve-rod,  the  eccentric  should  be  set  at  the  angle  B  0  T  with  the  crank 
on  the  same  side  aa  the  head^oing  eccentric 

ExpEtnslon  Valve  Working  on  the  Back  of  the  Holn  Valve,  Catting  off  at 
the  Inside  edge,  and  Variation  In  Cat-off  made  by  Varying  the  Travel — Let 
A  (fig.  112)  be  the  dead  point  of  the  crank  at  the  back  of  the  stroke,  and 
0  E  the  position  of  earliest  out-off.  B  0  D  is  the  angle  between  the  crank 
and  head-going  eccentric,  and  0 1)  ita  eocentricity.  Cut  off  C  H  equal  to 
the  lap  of  the  expansion  valve,  or  distance  of  the  inner  edge  of  expaosion 
valve  from  inner  edge  of  steam  port  in  the  back  of  the  main  valve,  when 
the  expansion  valve  is  in  its  mean  position  with  respect  to  the  main  valve. 
Draw  the  lap  circle  H  G  as  before.  From  H  draw  a  line  H  0  perpendicular 
to  0  E  with  D  aa  centre  and  the  half  travel  (absolute)  of  the  expansion 
valve  aa  radius,  draw  the  arc  of  a  circle  cutting  H  O  at  O.  Join  D  0  and 
0  0;  on  0  O  aa  diameter,  draw  a  circle,  which  will  paaa  through  H,  since 
0  H  0  is  a  right  angle.  Complete  the  parallelogram  0  D  by  drawing  D  T 
parallel  to  0  0,  and  C  T  parallel  to  D  0.  Then  0  0  ia  the  half-travel  of  the 
expansion  Wve  relative  to  the  main  valve  ;  B  0  T  is  the  angle  between  the 
crank  and  the  expansion  eccentric,  or  TO  I>  is  the  angle  between  the  ex- 
pansion eccentric  and  the  head-going  eccentric. 

By  producing  0  C  to  O',  and  on  0  0'  drawing  a  cirde,  <fcc.,  the  cut-off, 
lap,  &c,  may  be  investigated  for  the  other  end  of  the  valve. 

To  find  the  elTect  of  ahortening  the  absolute  half-travel  to  0  R.  Since 
the  poaition  of  the  eccentric  remains  unchanged,  join  RD,  and  through  0 
draw  C  N  parallel  to  R  D,  and  cntting  O  D  in  N.  On  0  N  aa  diameter 
draw  a  circle  cntting  the  lap  circle  at  L  and  K. 

Through  0  L  ana  0  K  draw  lines  which  are  respectively  the  positions 
of  opening  and  cut-off  of  the  expansion  valve  for  the  back  end,  and  0  N  is 
the  relative  half-travel 

It  will  be  seen  that  when  the  travel  of  the  expansion  valve  is  nothing, 
that  the  relative  half-travel  ia  G  D,  and  that  if  the  lap  is  the  same  aa  that 
of  the  main  valve,  the  cnt-off  and  lead  will  be  the  aame  also.  For  this 
reason  it  is  customary  when  designing  a  valve  of  this  kind,  which  may  have 
to  go  out  of  gear  when  at  full  speed,  or  for  some  particular  parpoae,  to 
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make  the  lap  the  Bame  as  that  of  the  main  ralre,  and  for  practical  reasons 
to  make  the  travel  the  same  also. 

To  find  the  effect  of  the  expansion  valve  when  in  stem-gear,  join  T  to 
D' of  the  Btem-going  eccentric,  and  complete  the  parallelogram  OD' as  before. 

It  will  be  seen  also,  that  with  this  kind  of  ezpanaion  valve,  the  opening 
to  steam  is  never  less  at  the  expansion  valve  porta  than  at  the  cjlind  v  porta. 


Fig.  112. — Diagram  for  an  Eipaoiioa  Valve, 

Ezpandon  Valve  WorUog  od  Back  of  Hain  Vain,  and  Catting  off  at 
Ontside  Edge.— Let  A  (fig.  113)  be  the  dead  point  of  the  crank,  as  before, 
at  back  of  stroke,  and  C  £  the  position  of  earliest  cut-off  required,  S  0  D  is 
the  angle  between  the  crank  and  the  head-going  eccentric,  and  C  D  its 
eccentncitj'.  From  C  E  cut  off  a  part,  C  H,  equal  to  the  opening  to  steam 
of  the  main  valve  at  that  end,  or  such  as  would  give  suffiaieot  opening  by 
the  rules  as  laid  down  already.  From  H  draw  a  line,  H  0,  perpendicular 
to  0  E.  With  D  as  centre,  and  D  O  a  radins  equal  to  the  eccentricity  of 
the  ezpsnsion  eccentric,  draw  the  arc  of  a  circle  cutting  H  0  at  0.  Join 
C  O,  and  on  it  as  diameter  draw  a  circle,  which  will  pass  through  H,  since 
O  H  0  is  a  right  angle. 

Complete  the  parallelogram  OD  by  drawing  DT  parallel  to  00,  and 
O Tparallel  to  O U. 

Than  0  O  is  the  half-travel  of  the  expansion  valve  with  respect  to  the 
main  valve:    BOT  is  the  angle   between   the   crank    and  the  expansion 
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•ooentrio,  uid  T  0  D  the  wigle  between  the  exp&nBion  eccentric  and  the 
hesd-going  one  of  the  main  vAlve.  0  H  is  the  dist&nce  of  the  edge  of  the 
expulsion  ndve  (tig.  114)  from  the  onter  or  ontting-off  edge  of  the  port 
on  the  back  of  the  main  valve,  when  the  ezpanaion  valve  ia  in  ita  mean 
pontion  with  respect  to  the  main  valve. 

If  the  expansion  eooentrio  is  set  tnae&y  opposite  to  the  crank,  so  that  the 
point  T  ii  on  the  line  A  B,  then  the  out-off  is  the  same  in  $teTn-going  as  in 
head-goin^  gear.  If,  however,  it  is  set  as  shown  in  fig.  1 13  bo  as  to  be  nearer 
the  stem-going  eooentrio,  the  ont-off  is  later  in  ttem^oiny  than  in  head-going 
gtar,  and  the  relative  travel  of  the  expansion  valve  ii  greater. 


Kg.  114.— ExpanmoQ  Valve.      Fig.  113.— DUgrun  for  an  Expansion  Valve. 

If  it  be  required  to  cnt-ofF  at  a  later  period,  as  at  OK,  the  expansion 
valve  must  be  so  moved  that  when  in  mean  position  with  respect  to  the 
main  valve,  the  catting-off  edges  are  apart  by  a  distance  equal  to  0  E ;  that 
is,  the  valve  is  moved  towards  the  middle  by  a  distance  M  N  or  0 K  -  OH. 

The  laps,  ont-off,  ibo.,  at  the  other  end  of  the  valve  may  be  investigated 
in  a  similar  way  by  producing  0  0  to  O',  making  0  O'  equal  to  C  O,  and  on 
it  as  diameter  drawing  a  circle  cutting  the  required  position  of  earliest  oat- 
offOE'atH'. 
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0  H'  u  then  the  diatuioe  apart  of  the  outting-off  edees  of  tbe  Talvu  at 
th«  otber  «ad.  Also,  if  a  later  cnt-off  C  K'  is  reqaired  when  OKU  the  cut- 
off at  the  other  end,  th  e  valve  must  be  moved  towards  the  middle  by  a  spaoe 
equal  to  0 K'  -  OH'. 

If  GK  be  the  poaition  of  lataat  out-ofi^  oare  muat  be  taken  that  the 
arrangement  is  to  designed  that  the  re-opening  of  the  port  at  C  L  ia  a/ier 
the  main  valve  baa  cat  off  to  Bteam. 

In  order  to  obtain  aa  large  a  relative  travel  ai  poasible  to  the  expaosioa 
valve,  it  ii  coatomary  to  make  the  angle  BCD  about  100',  to  that  the  main 
valve  has  of  neoeaaity  very  little  lap  and  amall  lead,  and  oonseqnently  there 
is  a  late  release  and  a  very  small  amount  of  oompresaion. 

In  speaking  of  0  D  as  the  eccentricity,  and  BCD  the  angle  of  the  bead- 
going  eooentrio,  it  mnst  be  understood  that  an  eooentrio  acting  directly  and 
in  line  with  the  main  valve  spindle  is  meant  If  the  valve  gearing  is  such 
that  the  eooenbrie  is  otherwise,  then  0  D  is  the  eooentrioity  and  B  C  D  is  the 
angle  of  the  equivalent  eec«ntrw~ 

This  remark  applies  likewise  to  the  case  of  the  expansion  valve  (fig.  Ill) 
oattlng-off  at  the  inside  edge. 

Constroction  of  Talve  Diagnuns. — In  making  the  diagram  for  an  engine, 
the  piston  diagram  (fig.  107)  should  be  drawn  first  to  such  a  scale  as  to  be 
well  clear  of  the  valve  diocrams.  The  main-valve  diagram  should  then  be 
drawn  full  size  in  block  it^,  and  the  expansion- valve  diagram  on  it  in  red, 
or  other  distinctive  colour.  Tbe  effect  of  each  valve  can  then  be  traced  both 
separately  and  ooDJolatly. 

Effect  on  Indicator  Diagrams  of  Crank  Seqaence. — Fig.  116  shows  the 
effect  of  high-pressure  crank  leading  the  mean  crank,  and  also  the  effect  of 
the  low-pressure  crank  leading  the  mean-pressure.  It  will  be  seen  that  in 
the  former  case  the  loads  on  the  pistons  are  greater  at  the  beginning  of  the 
stroke  than  is  the  case  when  the  low-pressure  leads.  This  is  a  good  thing, 
especially  in  faat-ronniog  engines  where  the  inertia  of  the  moving  parts  is 
oonsiderable ;  the  ratio  of  maximum  to  mean  load  is  greater  in  this  case, 
and  the  variation  in  temperature  is  greater  than  when  the  low-pressure 
leads. 
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Thk  fimdunental  principle  on  which  all  propellers  act,  is  that  the  reaction 
caused  by  projecting  a  mass  of  water  in  one  direction  produces  motion  of 
the  ship  in  the  opposite  direction. 

If  a  ship  is  at  rest  with  respeot  to  the  water  in  which  it  floats,  and  is  to 
be  set  in  motion  by  a  stream  of  water  projected  from  it,  the  inertia  mast  be 
first  overcome,  and  until  this  is  accomplished  the  stream  of  water  iHsnes  at 
the  same  velocity  with  respect  to  the  water  that  it  does  to  the  ship,  and  its 
tlip  or  motion  with  respect  to  the  water  is,  therefore,  eqasl  to  100  per  oeot. 
of  its  motion  with  respect  to  the  shi]).  If  the  stream  issues  at  a  constant 
velocity  from  the  ship,  its  velocity  with  respect  to  the  Horroundinfi;  water 
will  decrease  as  the  motion  of  the  ship  inoreaaes.  The  speed  of  the  ship 
will  increase  until  the  maximum  speed  due  to  the  propelling  effort  is 
arrived  at,  when  it  will  remain  constant  so  long  as  the  stream  continues 
to  issve  at  a  constant  rate.  The  whole  of  the  effective  propelling  force 
is  then  employed  in  overcoming  the  resistance  of  the  ship,  and  that  re- 
sistance multiplied  by  the  speed  of  the  ship  must  be  eqnal  to  the  net 
effective  power  of  the  engine. 

Let  V  be  the  velocity  of  the  stream  of  water  with  respect  to  the  ship, 
and  «  the  velocity  of  the  ship,  then 

The  velocity  of  the  stream  with  respect  to  the  water  -■  T  -  w. 

This  is  called  the  s/ip  of  the  stream,  or  the  velocity  with  which  it  moves 
over  the  water  on  which  it  is  projected. 

The  percentage  of  slip  is  therefore  f-  „  J  100. 

The  propelling  effect  of  this  stream  of  water  will  depend  on  the  mass 
projected  in  a  given  time ;  and  if  it  is  issuing  from  an  orifice,  it  will  depend 
on  the  area  of  the  orifice  and  the  velocity  of  issue.  If  the  area  of  the  orifice 
is  decreased,  the  velocity  mnst  be  increased,  and  any  increase  of  velocity  of 
issne  will  cause  an  increase  of  slip ;  per  contra,  any  increase  of  orifice  will 
permit  of  a  decrease  of  velocity,  and  consequently  a  decrease  of  slip. 

If  the  water  be  taken  from  the  surroanding  water,  whose  velocity  with 
reapeet  to  th«  thip  is  v,  the  velocity  imparted  by  the  machinery  is  then 
(V  -  v),  which  is  the  ilip. 

Then  if  H  be  the  mass  of  water,  projected  in  a  second,  and  (T  -  v)  its 
velocity  in  feet  per  second,  and  W  its  weight  in  pounds,  and  g  its  gravity 
(-38). 

The  momentum  -  M  (V-c) (V-t)). 
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Now,  if  A  is  the  are*  in  aqiiAre  feet  of  the  issuing  streun,  uid  T  is  the 
Telocity  of  issne,  the  weight  of  a  cnbio  foot  of  ses-wster  being  6t  lbs., 

Weight  of  wkter  projected  in  a  seoond  e  A  x  T  x  64. 
Therefore, 

Homentom  of  stream  ■ ^ (V-*) 

-2  A  X  V(V-t.). 

And  this  is  the  ineasare  of  the  propelling  fonw,  and  is  equal  to  the  resist- 
anoe  of  the  ship  in  pounds. 

Now  the  stream  of  water  maj  be  projected  from  the  ship  bj  means  of  ft 
oommon  pnmp,  or  bj  a  centrifugal  pump  or  tnrbine,  as  on  Bnthven's  plan, 
as  carried  out  in  H.M.S.  "  Waterwitch, '  or  by  an  instrument  like  the  pnl- 
someter,  which  was  called  by  the  inventor  the  Hydro^molor.  In  either  case, 
there  mnat  be  an  inlet  valve  and  pipe,  and  an  outlet  valve  of  some  kind  and 
pipe.  If  the  stream  is  a  large  one,  large  pipes  mnst  be  employed,  or  else 
the  water  must  be  projected  at  a  high  velocity.  Since  very  large  pip«s  are 
not  always  admissible,  high  velocity  mnst  be  resorted  to,  and  the  efficiency 
is  thereby  very  much  impaired.  To  reduce  the  friction  of  the  pipes,  Ac.,  as 
much  a«  possible,  they  may  be  shortened,  nntil,  finally,  the  propelling  pump 
is  placed  close  to  the  water,  and  pipes  avoided  altogether.  A  step  ^ther  is 
taken,  and  the  pnmp,  in  the  form  of  a  screw,  is  placed  outside  the  ship,  so 
that  neither  entry  nor  emission  ori6ce  shall  check  the  flow  of  water.  When 
this  boa  been  accomplished,  it  remains  only  for  inventors  to  eaolose  it  in  a 
tube  "  to  check  the  loss  from  the  centrifugal  action  of  the  water,"  to  place  it 
farther  into  the  dead  wood,  "  to  protect  it  from  danger,"  &a,  and,  finally,  to 
plaoe  it  in  the  hold  with  inlet  and  outlet  pipes,  Ac,  as  at  first. 

Jet  PropolBion— Bnthven's  Flaa— The  propeller  in  this  case  consisted  of 
a  turbine  wheel,  working  on  a  vertical  axis  near  the  middle  of  the  ship,  and 
enclosed  in  the  nsual  case.  Water  was  supplied  to  it  from  an  oriSoe  in  the 
skin  of  the  ship,  which  should  be  so  plaoed,  when  possible,  that  the  flow  of 
water  due  to  the  onward  motion  of  the  ship  is  not  checked  in  any  way,  but 
allowed  to  go  direct,  and  have  the  additional  velocity  imparted  to  it  by  the 
centrifugal  action  of  the  wheel.  But  as  such  conditions  are  in  practice  almost 
impossible,  the  efficiency  of  this  propeller  is  very  much  impaired  by  the  check 
given  to  Ute  water  at  the  inlet  orifice,  and  by  the  friction  in  the  pipes  and 
passsges.  The  discharge  from  the  tarbine  should  be,  if  possible,  quite  direct 
in  the  opposite  direction  to  the  motion  of  the  ship ;  but  here  again  is  a  practi- 
cal difficulty,  for  if  the  delivery  pipe  is  through  the  stern,  a  separate  pipe  will 
be  needed  to  pass  through  the  bow  to  obtain  the  stemward  motion.  In 
H.M.S.  "Waterwitch"  there  were  two  delivery  pipes,  one  to  each  side, 
with  directing  valves  and  noszles,  so  that  the  stream  could  be  diverted 
ahead  or  astern  on  either  side  independently.  This  gave  the  ship  a  degree 
of  handineas  possessed  by  no  other  vessel  afioat^  but  reduced  the  effieieooy 
of  the  propeller  far  below  that  of  both  the  screw  and  paddle. 

There  is  one  other  very  strong  objection  to  this  form  of  propeller  beyond 
its  inefficiency,  and  that  is,  the  enormous  size  of  the  pipes  and  valves  for  a 
moderate  velocity  of  flow  ;  the  objection  becomes  ao  insurmountable  one 
when  the  power  is  such  as  to  obtain  even  the  moderate  speed  of  12  knots, 
for  the  boles  in  the  skin  of  the  ship  are  then  of  so  large  a  size  as  to  require 
special  construction  in  their  neighbourhood,  and  the  pipes  so  enormously 
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targe  as  to  occupy  more  space  ttiau  can  be  well  K&brded.    The  weight  of  water, 
too,  is  BO  cooaiderable  as  to  take  very  mnoh  from  the  oarrying  powers  of  the 

There  are  certainly  some  attraotire  features  in  the  jeb-propeller  for  special 
circumstances,  snch  as  Absence  of  vibration  and  "  thud,"  freedom  from  acci- 
dent to  the  propeller  from  exposure  to  shot  or  collision,  and  capability  of 
handling  the  ship  from  on  deck  without  stopping  the  engines;  bat  from  the 
causes  indicated  above  it  failed  to  induce  further  trials  to  be  made  by  any- 
one, and  it  ia  qnite  certain  that  it  cannot  compete  with  the  screw. 

Hydro-motor. — Id  thu  plan  there  is  no  real  engine  or  propeller ;  the 
water  is  simply  ejected  from  two  oylindrical  chambers  alternately  hr  the 
direct  pressare  of  the  steam  on  its  surface,  as  in  Papin's  engine.  When 
the  one  chamber  is  emptied,  Bt«am  is  shut  off  from  the  boiler,  and  allowed  to 
condense ;  the  water  £ows  quickly  into  the  vacuous  chamber,  and,  when  it 
fills,  its  oommunication  is  opened  to  the  boiler.  A  ship  was  fitted  out  on 
this  plan,  and  proved  fairly  successful,  for  the  oondensation  of  steam  on  the 
walls  of  the  wet  chamber  is  very  slight,  owing  to  the  short  time  of  exposure, 
and  that  on  the  surface  of  the  water  equally  small,  for  there  is  no  convection 
to  carry  away  the  heat  into  the  body  of  the  water.  The  steam  was  also 
worked  expansively,  and  the  inventor  claims  fur  it  quite  as  high  an  efficiency, 
judged  by  coal  consumption,  as  that  of  a  good  compound  screw  engine.  The 
walls  of  the  chamber  were  lined  with  wood,  so  that  there  might  be  as  little 
loss  as  possible  by  conduction. 

However  much  the  loss  from  such  causes,  as  stated,  may  be  set  off  by  the 
gain  due  to  absence  of  mechanism  (and  it  is  possible  that  the  saving  may 
even  outbalance  the  loss),  there  still  remains  the  same  objection  which  mili- 
tates BO  strongly  against  jet  propulsion — viz.,  the  large  pipes,  valves,  and 
passages. 

The  plans  for  ejecting  s  stream  of  water  by  means  of  pistons,  floats,  &a, 
are  very  numerous,  and  since  most  of  them  have  been  re-invented  many 
times  over,  the  patents  are  legion.  None  of  them  have,  however,  been 
proved  to  be  equal  in  efficiency  to  the  commonest  of  screws,  and  many  of 
them  are  most  egregious  mistakes  from  want  of  knowledge  of  first  principles. 

Common  Paddle-wheel,  or  Wheel  with  Badial  FloatB. — This,  the  simplest 
and  oldest  form  of  paddle-wheel,  consists  essentially  of  a  wrought-iron  frame 
wheel,  having  two  or  more  sets  of  arms  fitted  to  a  cast-iron  "  bub"  or  "  boss," 
and  connected  by  rims  and  cross-stays  so  as  to  have  the  necessary  rigidity 
and  interdependence  of  the  several  parts.  Flat  boards  are  secured  in  a 
radial  direction  to  the  arms  by  hook  bolts,  so  that  when  the  wheel  is  tamed 
around,  the  floats,  as  these  boards  are  called,  drive  a  stream  of  water  through 
the  still  water  in  the  opposite  direction  to  that  which  the  ship  takes.  If  the 
water  were  unyielding,  the  action  of  the  wheel  would  be  analogous  to  that  of 
a  pinion  on  a  rack  in  the  mangle  motion,  so  that  the  motion  onward  of  the 
ship  per  revolution  would  be  3*1116  x  the  diameter  of  the  pitch  eircl«  of 
the  floats  or  circle  of  centres  of  pressure.  But  as  the  water  yields  to 
the  pressure  of  the  float,  the  action  is  the  reverse  of  that  of  an  undershot 
radial  water-wheel;  the  float  drives  a  stream  of  water  equal  in  area  of 
section  to  its  own  area,  and  with  a  velocity  (V  -  tj),  as  before. 

Let  D  be  the  efiective  diameter  of  the  wheel,  A  the  area  of  a  pair  of  floats 
(one  on  each  wheel  acting  at  once)  in  square  feet,  R  the  revolutions  of  the 
wheel  per  second,  and  t>  the  speed  of  the  ship  in  feet  per  second. 

Weight  of  a  cubic  foot  of  sea-water  >=  64  lbs. 
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The  Telocity  of  the  floats  per  second  Y  —  v  x  I>  x  R, 
The  qauiHty  of  water  operated  on  in  a  second  —  A  («-  x  D  x  B)  cabio 
feet,  or  64  (A  x  T)  pounds. 

The  velocity  imparted  to  the  water  is  (V  -  v). 
Taking  grvfitj  m  33, 


Momentum  of  water 


-2  (A  X  V)  X  (V-t.), 


which  is,  as  before  explained,  eqoal  to  the  resistance  of  the  ship  and  the 
force  CD  the  floats,  and  consequently  the  Arutt  of  the  shaft  on  the  bearings 
on  the  side  of  the  ship. 

But  thia  is  only  strictly  true  when  the  float  is  just  immersed  and  verti- 
cal, as  there  are  other  actions  which  seriously  interi'ere  with  the  efficiency  of 
the  radial  paddle  wheel. 

The  floats  of  a  radial  paddle-wheel  of  neceuity  enter  the  water  obliquely 
under  all  circumstancee,  and  when  the  ship  is  deeply  laden,  so  that  the  wheel 
is  deeply  immersed,  the  obliquity  is  very  great  The  disturbance  consequent 
on  this  is  such  as  to  raise  a  stream  of  water  nearly  parallel  to  the  under&ce 
of  the  float,  which  is  finally  projected  past  the  emerging  floats  and  astern  of 
the  wheel,  and  appears  to  oome  from  them,  and  so  giving  rise  to  the  gene- 
rally received  opinion,  that  the  cnscade  of  water  usually  observed  in  wake 
of  a  radial  wheel  is  that  carried  up  by  the  floats  in  leaving  the  water. 

On  this  account  it  is  impossible  to  estimate  with  any  d^ree  of  accuracy 

the  actual  momentum  of  the  race  of  water  from  a  radial  wheel.     Faddie- 

wheels  with  radial  floats  are  now  employed  only  fw  service  in  barbarous 

countries,  where  simplicity  and  a  minimum  risk  of  derangement  is  a  necflssity. 

™       »    ^.      .  2(A  X  V)  X  (V  -  r)  X  60tJ    AVv(V-v) 

The  effeotive  horse-power  -  J^ 'sg^ooo ^6 * 

^■^^-  =      Ex  275     • 

If  E  (the  efficiency)  be  taken  at  O'Sft,  and  slip  at  25  per  cent.,  then 
I.H.P.  =  AV»  -  807. 

The  (ffectivt  diameter  of  a  radial  wheel  is  usually  taken  from  the  centres 
of  opposite  floats ;  but  it  is  very  difficult  to  say  what  is  absolutely  that 
diameter,  as  much  depends  on  the  form  of  float,  we  amount  of  dip,  and  the 
waves  set  in  motion  by  the  wheel.  The  slip  of  a  radial  wheel  is  from  16  to 
SO  per  cent,  depending  on  the  size  of  float 

The  area  of  one  flout  may  be  found  by  the  following  rule : — 

Area  of  one  float  in  sq.  ft,  -.  ~ — '-^^  x  0. 
(U  X  ti.)' 

D  is  the  efieotive  diameter  in  feet,  R  is  the  revolutions  per  minute^ 
and  0  is  1,400,000. 

The  breadth  of  the  float  is  usually  about  ^  its  length,  and  its  thickness 
about  I  its  breadth.  The  number  of  floats  varies  directly  with  the  diameter, 
and  there  should  be  one  radial  float  for  every  foot  of  diameter. 

Example. — To  find  the  particulars  of  the  floats  for  a  radial  wheel  Id  feet 
efiective  diameter,  the  I.H.F.  of  the  engines  being  400.     Revs.  30  per  min. 


,  -         a     i       'w  X  1,400,000       ,  , ,         „ 

Area  of  one  float  ■  — f  fs      36>* —  "  ^' 
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.or  Length  =  •JilTWu  -  5  feet 

Breadth  -  7  =  1-25  feet,  or  ID  inohea. 

Tkickneu  —  -g- ,  or  1 J  inches. 


Namber  of  floats,  15. 

The  floats  are  nsoally  made  of  elm,  alUiongb  any  tough  strong  wood 
which  withstands  the  action  of  water  will  do  equally  welL  They  are  com- 
monly rectangular  in  form,  with  the  comers  rounded  off  and  the  dipping 
edges  bevelled  at  the  back,  so  as  to  enter  the  water  as  easily  as  possible. 

To  avoid  the  shock  of  entry,  the  floats  are  sometimes  sluiped  so  that  the 
middle  of  the  float  enters  first,  the  sides  being  cut  away  taper  for  tliat  pur- 
pose. To  avoid  the  oblique  action  of  the  float  on  entry,  the  arms  are  some- 
times  beut  so  that  the  float  is  nearer  to  the  perpendicular  before  arriving  at 
tiie  point  immediately  b^low  the  centre  of  the  wheel ;  it  is  consequently 
more  oblique  on  emerging  than  that  of  the  common  wheel,  and  tends  to 
increase  the  lifting  of  the  water  then ;  it  is  also  bad  for  going  "  astern." 

The  wheel  is  t^so  sometimes  made  with  the  floats  inclined  to  the  axis,  so 
OS  to  throw  a  stream  of  water  away  from  the  hull  of  the  ship  when  going 
ahead,  and  it  is  said  that  such  wheels  are  more  effective  than  Uie  ordinary 
<me8. 

Feathering  Floats.— It  is  easily  seen  that  the  larger  the  diametw  of  the 
wheel  with  radial  floats,  the  less  is  the  obliquity  at  entry  and  exit;  but 
independently  of  the  objection  that  a  larger  engine  is  required  to  drive  the 
larger  wheel  with  the  same  percentage  of  slip,  there  is  always  the  practical 
difficulty  of  arranging  for  a  wheel  of  large  diameter  without  seriously  inter- 
fering with  the  snip's  design.  By  means  of  the  feathering  floats,  all  the 
advantages  of  a  large  wheel  ore  obtained  without  the  disadvantages. 

The  floats  of  a  feathering  wheel,  instead  of  being  bolted  to  &e  arms,  are 
pivoted  on  them ;  that  is,  they  are  free  to  move  on  an  axis  parallel  to  the 
axis  of  the  wheel ;  they  are  retained  in  position  by  means  of  levers  attached 
to  them,  which  ore  operated  on  by  an  eceentrio-pin  or  sheave  by  means  of 
rods.  This  eccentric  is  so  set  with  respect  to  the  centre  of  the  wheel  as  to 
cause  the  float  to  be  nearly  vertical  when  entering  and  leaving  the  water. 
Fig.  116  shows  an  ordinary  featiiering  wheel,  from  which  it  is  seen  that  the 
floats  are  hnng  fay  gudgeons  secured  in  the  cross  bora  on  their  back,  which  fit 
in  eyes  in  brackets  forged  with  the  paddle  arms ;  one  of  the  cross  bars  has  a 
tail  forged  with  it,  which  acta  as  the  lever  to  turn  the  float.  The  eccentrio- 
pin  has  a  boss  or  strap  running  loose  on  it,  and  turned  round  by  means  of  a 
radius  rod,  ctdled  the  king  roS  L  £  (fig.  116),  attached  to  one  of  the  float 
levers ;  the  other  radius  rods  are  joint^  both  at  the  levers  and  boas.  The 
eccentric-pin  is  secured  in  its  proper  position  to  the  sponson  beam,  so  that 
when  the  wheel  moves  round  each  float  is  brought  in  turn  to  the  proper 
position  for  entry,  &c.  The  feathering  is  sometimes  done  by  an  eccentric  on 
the  inner  side  of  the  wheel  attached  to  the  bracket  carrying  the  bearing,  or 
to  the  bearing  itsell    This  method  suits  small  steamers,  and  avoids  risk  of 
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dunage  trom  Ui«  spooBons  getting  onuhed  or  bent  on  coming  alongside  ships 
or  QWf s.    Hie  Motion,  howorer,  is  mnofa  greater  tlian  with  the  pm,  ko. 

To  dengn  a  feattiering  lafaeel  so  that  the  floats  shall  «it«r  edgeways  when 
going  at  fuD  speed,  take  F  a  point  on  the  face  of  the  float  just  entering  the 


water,  draw  P  A  parallel  to  the  water-line,  and  cutoff  F  A  equal  to  the  speed 
of  the  ship  throtwh  the  water ;  draw  F  B  tangential  to  the  circle  through  F, 
whose  centre  is  the  centre  of  the  wheel ;  and  cut-off  F  B  equal  to  the  speed  of 
the  wheel  on  that  circle.     Complet«  the  parallelogram  A  F  B ;  the  diagonal 
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PR  ia  the  resultant  of  PA  and  PB,  and  is  consequently  the  direction  in 
which  the  float  must  move  in  that  position  to  enter  edgeways. 

Frodnce  BF,  and  draw  parallel  to  it  ft  line  at  a  distance  equal  that  ot 
the  centre  of  the  gudgeon  from  the  face  of  the  float,  cutting  the  circle  of 
centre  lines  of  gudgeons  at  Q. 

Draw  0  H  at  right  angles  to  P  F,  and  make  H  P  and  H  F  each  equal  half 
the  breadth  of  the  float.    Make  Q  L  equal  to  the  leneth  of  the  lever  reqaired. 

Now  draw  another  float  whose  face  Is  perpendicular  and  immediately 
nnder  the  centre  of  wheel,  and  the  end  of  whose  lever  is  M. 

With  centres  M  and  L,  and  radius  equal  to  G  C,  draw  arcs  of  two  circles 
intersecting  at  K  Then  E  is  the  centre  of  eccentric  pin,  and  L  £  Uie  leogtit 
of  the  radius  rods. 

With  E  as  centre  and  L  £  radios,  draw  a  circle  on  which  the  centres  of 
the  lever  ends  of  all  the  other  floats  lie. 

It  is  usual  to  make  the  wheel  not  less  than  equivalent  to  a  radial  wheel 
of  double  the  diameter,  and  to  construct  it  by  taking  a  float  vertically  under 
the  centre  of  shaft,  and  G  the  point  on  which  the  next  float  pivots.  With 
G  as  oentre  and  G  H  radius,  draw  the  arc  of  a  circle,  and  from  the  point  A 
vertically  above  the  centre  of  the  wheel  draw  A  E  a  tangent  to  this  arc ;  then 
the  face  of  the  float  must  lie  on  A  H,  and  may  he  drawn  as  before.  Likewise 
the  centre  of  the  eccentric  may  be  found  as  before.  With  small  wheels  and 
high  revolutions  it  is  not  sufficient  to  take  the  equivalent  of  double  the 
diameter — in  fact,  in  some  cases  even  three  timee  is  not  too  much.  But  what- 
ever equivalent  is  taken  the  same  construction  herein  described  holds  good. 

Diameter  of  a  Feathering  Wheel  b  found  as  follows : — The  amount  of  slip 
varies  from  12  to  20  per  oent.,  although  when  the  floats  are  small  for  fast 
running,  it  is  as  high  as  25  per  cent. ;  a  well-designed  wheel  on  a  well- 
formed  ship  should  not  exceed  20  per  cent,  under  ordinary  circumstances. 

Let  t>  be  the  velocity  of  the  ship,  and  ■  be  the  slip  in  feet  per  teeond,  and 
B  the  number  of  revs,  per  minute  at  which  it  is  intended  to  run  the  engine. 

Then  "V  the  velocity  of  wheel  at  float  centres  —  e  +  #. 

D  is  the  diameter  cd  wheel  at  centres  and  V  >>  v  D  B.    HeDoe^ 

Or  if  K  is  the  speed  of  the  ship  in  knots  per  hour,  and  S  the  percentage 
of  slip,  and  R  the  revolutions  per  minute, 

Diameter  ot  wheel  at  centres  =  TrfiFi — m~s- 

(iiM  -  oj  it 

Example. — To  find  the  diameter  of  a  wheel  for  a  ship  intended  to  steam 
16  knots,  with  40  revolutions  of  the  engines  and  20  per  cent.  slip. 

3222  J 

1  40 


Diameter  —  —sa ttt  =  ^^'1  '®^ 


As  before  throst  »  2  A  Y  (T  -  v).     But  in  this  case  A  is  the  area  of  a 
pair  of  floats  for  side  wheel  steamers ;  slip  20  per  cent.,  and  efficiency  0-7. 

Indicated  horsepower  = q?  x  83,000 IM' 
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■(DxEy 

Diameter  of  wheel  —  -=-  .  «  — j — . 
A 

The  unmber  of  floats       ■  — 5 — . 

The  breadth  of  the  float  -  0-36  x  the  length. 
The  thickoess  of  floats     ~  ^V  the  breadth. 
Diameter  of  gudgeons      —  thicknesa  of  float. 


When  a  ship  is  working  always  in  smooth  water  the  immersion  of  the 
top  edge  ehould  not  exceed  ^  tiie  oreadth  of  the  float ;  and  for  general  service 
at  sea  an  immersion  of  }  the  breadth  of  the  float  is  sufficient  If  the  ship  is 
intended  to  carry  cai^,  the  immersion  when  heht  need  not  be  more  than 
2  or  3  inches,  and  should  not  be  more  than  the  oresdth  of  float  when  at  the 
deepest  draught;  indeed  the  efficiency  of  the  wheel  falls  off  rapidly  with  the 
immersion  of  the  wheel,  and  for  this  reason  the  radial  wheel  was  so  long 
retained  for  Bea--going  cargo  boats,  as  it  permitted  of  the  floats  being  reefed — 
that  is,  brought  nearer  to  the  centre. 

Paddle-wheel  FrRines,  ftc. — The  load  on  the  wheel  due  to  the  resistance  of 
a  float  b  taken  immediately  by  the  pair  of  arms  to  which  the  float  is  attached, 
and  by  means  of  the  rims  is  partially  transmitted  to  the  other  arms.  For 
ships  working  only  in  smooth  water  a  much  lighter  wheel  is  sufficient  than 
would  do  for  those  liable  to  the  shocks  of  heavy  seas.  In  any  case  the  strengtli 
of  the  wheel  must  be  sufficient  to  transmit  tlie  power  of  the  engine  te  the 
water  in  the  float-race,  and  as  the  twisting  power  exerted  on  t£e  crank  is 
approximately  proportional  to  the  cube  of  tne  diameter  of  the  shaft  inner 
journal,  the  strength  of  the  wheel-frame  most  be  in  the  same  proportion. 
The  strength  of  the  arms  of  the  wheel  will  vary  directly  as  their  thickness 
and  as  the  square  of  their  breadth.  Hence,  if  D  is  Uie  diameter  of  the  tnn«r 
or  engine  journal  of  the  paddle-shaft,  ( the  thicknees  of  an  arm  whose  breadth 
is  b,  and  n  the  number  of  arms  on  one  wheel  (2  for  each  float), 

n  X  t  X  b*  varies  as  D*, 


t  X  b*  =  —    X  Ifi. 

When  the  shaft  is  of  iron  or  mild  ateel  E  -  0*7  for  a  section  near  the  boss, 
and  0'45  for  a  section  near  the  inner  rim  when  there  are  two  rims.  When 
the  wheel  has  only  one  rim,  so  that  the  floats  are  attached  to  the  projecting 
ends  of  the  arms,  the  arms  must  be  made  much  stronger,  as  the  whole  strain 
may  come  on  the  pair  of  arms,  and  cause  a  severe  bending  strain  close  to  the 

The  section  at  the  arm  outside  the  rim  may  be  found  in  a  similar  way,  on 
the  assumption  that  the  distAnce  of  float  centre  from  the  rim  bears  a  constant 
ratio  to  the  diameter  of  the  wheel  (about  y'^) ;  then,  if  t  be  the  thickness  and 
b  the  breadth  as  before, 

(  X  6*  -  K  X  D». 
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If  the  flh&ft  b«  of  iron,  K  -  01. 
Uaually  — —  5  for  anna  near  the  boss,  and  3-5  to  4  for  arms  near  the 


When  there  ia  only  one  rim,—  —  6  at  the  parts  of  the  arm  just  at  the 
outer  edge  of  the  rim. 

With  small  wheels  it  is  not  oonvenient  to  have  the  same  bracing  that  is 
found  so  necessary  with  large  ones ;  the  arms  are  thererore  made  heavier 
than  given  bj  the  above  rules  when  there  are  no  bracing  stays,  and  should 
be  in  accordance  with  the  following  : — 

I  y  6»  -  ^  (D>  +  100). 

The  seotioB  of  the  inner  rim  is  0-8  that  of  the  arms  near  to  it, 

and  -  ='  6. 

The  section  of  the  outer  rim  is  equal  to  that  of  the  arm  near  it, 

When  there  is  only  one  rim  its  Bection  is  equal  to  that  of  the  arm  near 
the  boes,  and  -r  =  i- 

The  inner  rim  of  the  wheel  is  stayed  to  (he  boss  by  round  ties,  whose 
diameter  is  about  twioe  the  thickness  of  the  rim.  They  are  bolted  to  the 
rim  between  tlie  arms,  and  to  the  side  of  the  boss  opposite,  ao  as  to  be 
diagonal  witli  a  pair  of  arms.  This  gives  good  support  to  the  whole  frame- 
work, and  prevents  racking  and  aide-play. 

Example, — To  find  the  scantlings  of  a  feathering  wheel  having  inner  and 
outer  rims,  the  diameter  of  paddle-Siaft  journal  at  tiie  engine  being  10  inches, 
and  the  number  of  floats  8  to  each  wheeL  The  number  of  arms  therefore 
is  16. 


(1)  Section  of  arms  near  boss,  (  7  ~  '^  )• 
,      .,      0-7  X  10*      700 


16 

-   16- 

ZSi". 

700' 
16' 

l  =- 

n/Ttb  = 

1-2  inoto, 

b. 

6  X  1-2, 

or  6  isehn. 

(2)  SflctioQ  of  arms  near  rims,  7  .*  4* 

„      046  >.  10"      460 
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Sinoe  b ~  il, 

16  f  -  -j^. 

t  =  Vl-76,  or  1-3  inchw, 
And 

6  -  4  X  1-2,  ori-Smohes. 

(3)  The  i«ctio&  of  inner  rim  -  08  (1-2  x  4),  or  3-84  tqoAre inches,  uul 

•i&ce  7-4,  the  «re»  =  ^fi,    Hence 

fi  -tp;     or  t  -  0-98  inch, 

and 

b  ~i  X  0-98,  or  3-93  inches. 

The  outer  rim  has  the  saine  eectioiu]  area  aa  the  arms.  The  iron  of  amu 
would  be  then  6  inohea  hy  1.^  inchea  at  hoss,  and  4j  inches  by  Ij^indiea  at 
rims.  The  outer  rim  4j  inches  by  I^  inches,  and  Uie  iimer  rim  4  inches  b^ 
1  inch,  stayed  diagonally  by  bars  2  inches  diameter. 

For  tlie  whe^  of  steamers  mnninK  <»ily  in  smooth  or  neariy  smootii 
water,  Hie  Talnea  of  K  may  be  reduced  by  15  per  cent,  in  each  cose,  and  if 
it  is  necessary  to  make  the  wheel  as  light  as  possible,  the  atrengtti  of  the 
various  parts  should  be  calculated  by  finding  ^e  value  of  B,  tlie  resistance 
at  the  floats,  and  assume  that  the  whole  power  of  the  engine  may  be  applied 
to  one  wheel. 

Let  T  be  the  maximum  twisting  moment  in  inch-pounds,  as  formed  by 
the  rules  in  Chapter  ix.,  D  the  diameter  of  the  wheel  to  float  oeatres  in 
inches.    Then 

R  X  .^  is  the  bending  moment  at  the  centre  of  the  wheel;   and 
R  X  ^  that  halfway  between  the  centre  and  float-centres. 
The  bending  moment  at  the  middle  of  the  anns  is  therefora 
2T      D  _  T^ 
D    "   4   "   2* 
And  if  n  be  number  of  arms,  or  twice  the  number  of  floats, 

T 
Bending  moment  on  one  arm  •=  g — . 

Then 

T 
(  X  ft»  =  p-i-_  K  3. 

F  ma;  be  taken  at  7fi00  for  ordinary,  and  8500  for  really  good  iron  or 
st«eL 

The  gudgeons  on  which  the  floats  of  a  feathering  wheel  are  hinged  are 
not,  of  necessity,  placed  at  their  centre  line  horizontally,  and  it  is  a  very 
general  custom  so  to  fix  them  that  the  lat^r  part  is  above  the  axis,  so  that 
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^rheD  ttie  float  is  entering  the  wafer  and  leaTing  it,  tbere  is  not  so  mnoh  load 
on  the  ladioB  rods.  As  a  mle,  the  line  of  gudgeons  ahoold  be  f  of  the 
breadth  of  the  float  from  the  edge  nearest  the  centre  of  the  wheel. 

The  gudgeons  and  pins  of  Uie  feathering  gear  are  of  iron,  cased  with 
brass,  and  the  holes  in  which  they  work  should  he  bushed  with  Ugnum  vitte. 
If  the  ship  OBoaUy  works  in  sandy  water,  the  pins  may  be  of  iron,  and  Ihe 
holes  bashed  with  white  metal,  which  withstands  the  catting  action  of  the 
aaDdportacles  better  than  do  the  brass  and  wood. 

The  ecoentrio'pin  on  the  sponson  beam  should  also  be  cased  with  brass, 
and  the  boss  to  which  the  feathering  rods  are  attached  should  be  bushed 
with  lignum  vite,  as  water  is  the  only  lubricant  applied  to  them. 

The  outer  beuing  of  the  paddle«haft  should  be  twice  the  diameter  of  the 
ahait  in  length,  rery  Btrongly  made,  and  firmly  eecured  to  the  bracket  on 
the  ship's  siae,  as  the  whole  of  the  thmst,  besides  the  weight  of  the  wheel, 
is  taken  on  it.  The  force  acting  on  it  is  the  resultant  A  the  thrust  and 
It-eight,  whose  direction  is  diagonal,  and  its  magnitude  easily  calculated. 
The  bearing  must  be  so  formed  as  to  take  the  load,  and  to  admit  of  adjust- 
ment in  titat  direction.  It  is  always  downward,  so  that  the  cape  of  the 
bearing  need  not  be  very  strong.  The  lubricant  is  to  a  great  ext^t  water, 
bat  an  arrangement  should  be  made  for  oiling,  and  a  cavity  left  in  the  cap 
for  a  piece  of  tallow,  or  a  mixture  of  tallow  and  soft  soap.  The  shaft  should 
have  fitted  to  it  a  stuffing-box  and  gland,  where  it  passes  ttuough  the  skin 
of  the  ship. 

Screw  PropellsfB. — ^The  simple  screw,  as  first  fitted,  consisted  of  a  part 
<rf  a  true  helix,  cut  off  by  two  parallel  planes  perpendicular  to  the  axis,  and 
it  had  therefore  only  one  blade,  strictly  spiking.  By  cutting  a  double 
helix,  or  a  double-threaded  screw  in  this  way,  two  blades  axe  obtained;  and 
in  this  form,  with  very  slight  modifications,  the  screw  propeller  was  osed 
for  many  years.  It  was  found,  however,  that  by  cutting  away  the  comers, 
especially  those  on  the  forward  or  leading  edges,  the  vilo^tion  was  very 
mnch  reduced,  and  in  course  of  time  the  paring  process  left  the  screw  blade 
Terymuch  as  it  is  generally  found  now. 

The  number  of  blades  was,  however,  increased  from  two  to  as  many  as 
six,  and  as  there  was  no  sdentific  or  even  practical  test  made  of  the  relative 
advantages  of  six  or  two  blades,  it  remained  for  a  happy  aoddent  to  the  six- 
bladed  propeller  of  a  ouial  boat  to  demonstrate  that  six  blades  were  too 
many;  since  then,  ample  proof  has  been  given  that,  although  in  smooth  water 
their  efficiency  is  verv  high,  two  blades  are  not  sufficient  in  a  rough  sea ; 
uid  that  if  one  of  tnree  blades  be  broken  of^  the  propeller  is  so  badly 
balanced  as  to  severely  strain  the  enguies,  so  tjiat  four  blades  has  become 
the  rule  for  the  propellers  of  sea-going  ships  of  the  mercantile  marine,  as  also 
for  the  propellers  of  battleships  and  very  lai^  cruisers. 

For  smooth  water  the  two-bladed  propeller  is  the  most  efficient,  but  its 
efficiency  is  rapidly  impaired  ao  soon  as  the  ship  begins  to  pitt^  The 
efficient  of  a  screw-propeller  depends  on  so  many  things,  some  of  which  are 
externa^  that  no  rules  can  be  laid  down  which  will  command  the  respect  of 
practical  engineers.  A  screw  which  will  work  with  most  Batisfactory  results 
<m  one  ship,  may  be  most  inefficient  on  another,  although  driven  by  similar 
engines,  and  at  the  same  number  of  revolutionB ;  the  reason  for  such  differ- 
ence, however,  is  not  for  to  seek  when  properly  looked  for. 

Although  very  much  has  been  written  ou  the  subject,  and  many  men  of 
undoubted  ability  have  spent  time  and  money  in  making  researches,  still  tl^e 
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beat  informed  ore  liable  to  make  the  most  egregious  lOLBtakea  in  deaigning  a 
screw,  as  evidenced  on  the  first  trials  of  more  than  one  most  important  ship. 

That  opinions  diiTer  vety  widely  on  the  snbject  mav  be  seen  by  referring 
to  the  Patent  Reoor^  as  well  as  to  the  Transaotions  of  the  Tarioos  Sdentdfio 
Institutes. 

Professor  Bankine  (Appendix  to  Sleam  Engine)  states — "  The  effidency 

of  the  propeller  is  -^ — -,  V  being  the  velocity  of  the  ship  in  feet  per  second, 

and  8  the  d^t  of  the  propeller  in  feet."  In  other  words,  the  leas  the  slip, 
the  higher  the  efficiency;  this,  however,  is  only  tme  theoretically,  od  the 
supposition  of  there  being  no  friction,  liie  late  Dr.  Froude,  than  whom  no 
one  has  given  more  patient  attention  to  this  most  important  subject,  says 
that,  ..."  instead  of  its  being  correct  to  regard  a  large  amount  of  slip  as 
a  proof  of  waste  of  power,  ihe  opposite  ooncluaion  is  the  toue  one.  To  assert 
that  a  screw  works  with  nnosually  little  slip,  is  to  give  a  procJ  that  it  is 
working  with  a  large  waste  of  power,"*  which  is  the  exact  contrary  of  the 
ooncloBion  arrived  at  from  Bankine's  investigation,  bat  is  in  accordance  with 
everyday  observation  on  the  performances  m  ships.  It  must  not,  however, 
be  supposed  that  a  screw  having  a  lai^  amonnt  of  aUp  is  necessarily  an 
efficient  one,  for,  as  has  already  been  shown,  the  slip  varies  inversely  as  the 
area  of  transverse  section  of  the  stream  for  a  constant  power. 

A  screw  works  in  water  disturbed  more  or  less  Dy  the  passage  of  the 
ship,  and  is  liable  te  be  very  seriously  interfered  with  by  the  "  wake  "  or 
water  following  the  ship,  and  therefore  cannot  be  dealt  with  as  if  working 
in  still  water. 

Let  P  be  the  pitch  of  the  screw,  B  the  number  of  revolutions  per  second; 
then. 

Velocity  of  stream  from  it  Y  -  P  x  B. 

Let  V  be  the  velocity  of  the  ship  in  feet  per  second,  A  the  area  of  section 
of  stream  from  the  screw,  which  is  approximately  the  area  of  a  circle  <^  the 
same  diameter,  less  the  area  of  transverse  section  of  the  boss.    Then, 

Y(-  « is  thejslip  (vide  p.  309). 

As  before  explained,  A  h  V  is  the  volume  of  water  projected  front  Ae 
$hip  in  cubic  feet  per  second,  and  taking  the  weight  of  a  oubio  foot  of  mo- 
water  at  61  lbs.,  and  the  force  of  gravity  at  82, 

Momentum  of  stream  =  ^2^ —  (V-e)  =  2A><V(V"-«). 

This  is  the  Ihrust  of  the  screw  on  the  ship  exerted  along  the  shaft  in 
pounds. 

Professor  Bankine  gives  (Sulea  and  Tablet,  p.  275)  this  same  rule  in 
uiother  and  more  convenient  form  for  practical  use,  viz. : — 

BnLB  T. — I'o  calculaU  the  thrutt  of  a  propelling  inetnanmt  (Jet,  paddle, 
or  §orew)  in  pounde :  mtdliply  together  the  iraneverie  teetionai  area,  in  square 
feet,  of  the  stream  driven  astern  hj/  the  propeller ;  the  ipeed  of  the  stream 
relativelif  to  the  ship  in  knots ;  the  real  eUp,  or  part  of  that  speed  which  it 
impretsed  on  that  stream  by  the  propeUer,  also  in  hnote  ;  and  the  constant  666 
for  sea-water,  or  5-5  for  fresh  water.     That  is,  if  S  is  the  speed  of  the  screw 

*  Tnuuactioiu  of  the  Institution  qfifaval  Archilecte,  VoL  zix.,  1878. 
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in  knots,  t  the  speed  of  Uie  ship  in  knots,  A  the  area  cA  the  Btream  in  square 
feet  (of  sea-water), 

Thrust  in  pounds  -  A  -  S  (S  -  *)  x  5-66,  or  Di  x  S<S  --  >)  k  4-45. 

The  effective  slip  or  the  actual  mean  velocity  imparted  to  the  water 
cannot  be  found  accurately  any  more  than  can  the  mass  of  water  set  in 
motion.   The  effective  thrust,  however,  may  be  found  approximately,  thus — 

RtOe.—  Effective  thrust  -  (D  k  8)^  -;-  F. 

D  the  diameter  in  feet,  S  the  speed  of  screw  in  feet  per  second,  and  F  varies 
from  3-3  with  small  quick  propellers  to  6  with  large  alow  ones.  Ordinary 
merchant  steamers,  6  to  4-&;  fast-mnning  merchant  and  naval  ships,  4-0; 
very  high  speed,  as  with  turbines,  33. 

Apparent  Slip. — The  difference  between  the  speed  of  the  ship  past  the 
water  which  is  removed  from  the  hull  some  few  yards,  and  the  speed  c^ 
the  screw  calculated  by  multiplying  the  pitch  by  revolutions,  is  called  the 
apparent  ilip,  as  it  is  not  alwavs  the  measure  of  the  rtal  tlip,  which  is  ih.9 
vdodty  imparted  to  &.e  water  by  the  screw  in  a  direction  opposite  to  that  of 
the  ship.  Ko  propeller  can  propel  a  ship  without  raal  dip,  although  it  is  a 
common  occurrence  to  find  uiat  the  screw  has  no  apparent  slip,  and  some- 
times haa  even  n^ative  slip,  so  that  the  ship  seems  to  be  going  faster  Uiaa 
the  screw. 

Hegative  Slip. — When  the  phenomenon  <d  negative  apparent  slip  waa 
first  observed,  it  was  thought  by  some  to  be  due  to  false  measurement  of  the 
effective  pitch,  and  this  theory  was  to  some  extent  strengthened  by  the  iaxst 
that  it  often  occurred  with  screws  having  a  variable  pitch.  More  toooghtful 
observers  traced  it  to  another  cause. 

It  was  observed  that  every  ship  draped,  so  to  speak,  a  casing  of  water 
with  iti  and  that  there  was  with  some  ships  a  following  stream  just  at  the 
stern,  which  seemed  to  be  always  running  into  the  space  left  by  ttie  ship,  so 
that  the  veloci^  of  the  ship  with  respect  to  that  casing  and  following  stream 
is  less  than  the  real  velocity  past  the  still  water — in  other  words,  the 
velocity  of  the  ship  through  the  water  immediately  sorronnding  it  is  leas 
than  the  real  velocity  v.  The  screw  works  in  this  disturbed  \nkter;  con- 
sequently, to  calculate  its  nal  ilip,  the  forward  velocity  of  the  folk>wing 
stream  must  be  known. 

There  is,  however,  much  yet  to  be  learnt  before  the  exact  causes  of 
negative  slip  are  fully  understood,  for,  although  some  ships  from  their  fom, 
or  some  such  peculiarity,  are  more  prone  thui  others  to  cause  negative  sUp, 
yet  a  propeller  can  be  fitted  which  will  produce  positive  sUp,  and  that  without 
loss  <n  propelling  effect,  but  on  the  contrary  it  is  frequently  done  with 
positive  gain.  As  an  example  of  this,  the  case  of  H.M.S.  "  Amazon  "  may  be 
cited.  With  her  original  screw,  which  was  a  4-bIaded  Mangin  16  feet 
diameter  and  12  feet  6  inches  pitch,  a  speed  <d  12-079  knots  only  was 
obtained  with  1940  I.H.F.,  the  uip  being  14  per  cent,  negative ;  while  with 
a  two-bladed  Oriffith's  screw  10  feet  |  inch  diameter  and  13  feet  9  inches 
pitch,  a  speed  of  12-396  knots  was  obtained  with  only  1664  I.H.F.,  the 
slip  being  then  3'16  per  cent  positive. 

If  a  propeller  gives  negative  slip,  or  only  no  slip,  it  should  be  changed  at 
the  first  opportunity,  as  all  experience  has  shown  that  it  is  not  working 
efficiently  when  such  is  the  case. 

Diameter  of  Screw. — The  size  of  a  screw  depends  on  so  many  things,  that 
it  is  very  difficult  to  lay  down  any  hard  rule  for  guidance,  and  mu4^  must 
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always  be  left  to  the  experience  of  the  deeigner  bo  to  allow  for  all  the 
drcanutances  of  each  p&rticnlar  caae  as  to  give  t^e  proper  proportioDS. 

If  a  acrew  blade  breaks  through  the  anrface  oi  the  water,  it  will  carry 
down  with  it  a  certain  amount  of  air,  which  very  much  decreases  the 
efficieDcy,  and  causes  sudden  accelerations  of  the  speed  of  the  screw,  tlie 
mixture  of  air  and  water  being  of  lower  density  than  that  of  water  alone. 
This  acceleration  is  called  radng,  and  may  always  be  obeerved  when  &e 
propeller  is  not  wholly  immersed,  or  when  the  ship  pitches  even  very  slightly. 
For  tJiia  reason  a  small  propeller  wholly  iumiereed  ia  bettor  and  more 
efficient  than  a  larger  one  whose  top  edge  ia  above  or  even  qoito  close  to  the 
water  surface.  Hence,  the  diam^t^  of  tiie  propeller  of  ordinary  sMps  should 
be  always  less  than  the  draught  of  wator.  The  diameter  of  tite  screw  must 
also  bear  some  relation  to  the  tunung  power  of  the  engine,  for  if  made  of 
too  small  diameter  it  cannot  absorb  the  power  of  the  engine,  however  coarse 
tJie  pitch  may  be.  Some  account  also  has  to  be  taken  of  the  form  of  the 
ship ;  if  the  stem  lines  are  bluff,  as  in  most  caigo  steamers,  propellers  of 
larger  diameter  are  necessary- 
It  has  been  shown  by  tbe  late  Dr.  Froude,  in  the  paper  already  alluded 
to,  that  if  a  blade  moved  through  the  water  without  surface  friction  and 
"bead"  resistance,  the  larger  the  diameter,  the  better;  also,  that  if  the 
efficiency  of  the  mechanism  was  the  same  at  any  number  of  revolutions,  a 
fine  pitch  propeller  might  be  need  with  advantage,  as  being  more  efficient 
than  a  coarse  pitch  one.  Bat  since  the  effidenc;  of  some  engines  is  much 
higher  at  moderate  than  at  the  muTifniim  rates  of  speed,  the  total  eEBdency 
of  the  screw  and  engine  is  often  improved  by  increasing  the  pitch  of  the 
screw.  Further,  since  there  is  sorfaoe  or  skin  friction,  and  it  increases  per 
square  foot  of  surface  as  the  square  of  the  distance  from  the  centre^  and 
the  distance  at  which  it  acts  also  increases  with  the  distance  from  the  centre, 
the  fnictional  resistance  per  square  foot  varies  as  tiie  cube  of  the  distance 
from  the  centre,  so  that  any  increase  of  diameter  means  large  increase 
in  resistance.  For  these  reasons  small  screws  with  coarse  pitch  often  give 
far  better  results  than  large  ones  of  fine  pitch  on  the  same  ships;  this 
was  proved  on  the  trials  of  H.M.8.  "  Iris,"  and  on  many  other  occasions. 

The  magnitude  of  the  skin  resistance  of  a  propeller  is  well  iUustratod  by 
Dr.  Froude,  who  says — 

"  Take  the  case  of  a  screw  20  feet  diameter,  making  80  revolutions  per 
minute ;  the  tips  of  the  blades  are  travelling  at  a  speed  of  about  60  knots ; 
now,  the  resistance  of  a  surface  so  short  in  the  line  of  motion  as  a  screw 
blade,  even  when  its  eur/ace  ia  qttile  smooth,  is  as  much  as  1^  lbs.  per  foot 
at  10  knots,  and  is  nearly  as  the  square  of  the  speed,  and  as  each  square  foot 
of  blade  area  involves  2  square  feet  of  skin,  the  resistance  of  eacJi  is  over 
60  Ibe.;  thus,  making  some  allowance  for  thickness  and  bluntness,  there 
'  is  involved  in  driving  it  at  60  knots  at  least  10  I.H.P.,  and  collectively  the 
outmost  foot  of  four  such  blades,  each  3  feet  wide^  would  absorb  fully 
120  I.H.F.  in  surface  friction;  and  though  the  parts  nearer  to  the  root  move 
with  proportionally  less  speed,  and  ther^ore  with  lees  resistance,  yet,  on  the 
other  huid,  screw  blades  are  generally  roi  gb  from  the  sand,  and  have 
probably  a  still  higher  coefficient  of  frictional  resistance." 

If  a  screw  is  of  sufficient  diameter,  and  has  ample  blade  area,  any 
addition  beyond  the  tip  will  act  then  quite  as  a  brake,  and  seriously  reduce 
its  efficiency. 

By  referring  to  the  diagram  (fig.  I16a)  the  pressure  in  pounds  per  square 
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inch  of  way  part  of  &  propeller  bUde  oui  be  uoertuoed,  aod  this  permits  <tf 
on  euy  cucnUtion  of  the  atrength  of  a  propeller  bUde  m  well  «s  the  remat- 
anoe  OE  the  propeller  itaelf  when  working  under  Ttuiona  oonditiona.  Tbe 
diagram  luM  been  made  originally  by  Meaara.  J.  Stone  A  Co.,  brass  fooodera 
and  makers  of  bronze  propellers. 

Thrnit  of  a  Screw  Frflpeller.— The  tfanut  of  »  propeller  ha*  been  ahown  to  nry 
diractW  m  tlw  ana  of  tho  diso— that  U,  it  v&riM  a*  tbe  iqnnre  of  the  diaoietw ;  it  has 
been  aliM  abowo  that  the  thruit  rariea  as  the  niiare  of  the  velooity  of  flow— that  ia,  «a 
tbe  iqiiarB  of  the  product  of  the  revolntioiu  and  pitoh.  But  the  apeed  of  the  ship  Tarios 
aa  tke  pcodnot  td  tbe  revolutiont  aod  pitoh,  ana  t^e  effiwtire  bQn»-power  shooid  vmry 

..  *L^  L^ !_-«  -t  k1 * J 1  ' 


aa  tlia  prodnot  of  throat  and  ipeed. 

The  actual  slip  of  a  aoraw  propeller,  or  that  amount  of  motion  imparted  to  tlta 
oolnmn  of  water  projected  by  it,  oaoDOt  be  oaloalat«d  with  anjr  degree  of  aoiaracj,  aa  it 
probably  Tari«a  oonaiderablj  from  the  bou  to  the  tip.  but  there  ia  good  raaion  to  auppoaa 
that  the  mean  effective  acceleration  ia  greater  than  the  apparent  ilip,  and,  for  pnrpoaes 
of  calculation,  may  be  aaaumed  to  be  12|  per  cent,  of  the  pitob  maltiptied  by  revolutiona 
io  tbe  oaae  of  aorawa  of  large  diameter,  aa  olitain  in  the  mercantile  marine  and  formerly 
In  the  Navy ;  with  tbe  amuler  and  faster  mnniag  onea,  16  per  oent. ;  and  with  tbe  high- 


revolation  reoiprooaling  engines  and  turbines,  'iO  per  oent.     Twin  acrewa,  being  u 

*■'" '"fifareffiaienoy,  maTbeaooorded  credit  for  2  to  S  per  cent,  r ~-' 

I  the  diameter,  p  the  pitch  in  feet,  R  the  revolutions  per  i 
advance  in  feet  per  aeooad,  x  a  fraolioa  of  <  and  equal  to  the  enective  dip  or  velocity 


imparled  to  the  water,  g  the  gravity  equal  to  33,  and  the  weight  of  a  cubic  foot  of  aea 
water  H  Iba.     Then— 

Thmat  in  poonda  =  -^  x(x  —  xz«sit*x«*x 
Henoe,  Diameter  of  acrew  = 

Now.      Thmst  ii  apptorimately  =  0-8  x  indicated  thmat  « '^^  "-^"m'^' "  ^-'^- 
Sabatitntiog  thia  in  the  above.     Then— 

Diameter  of  aorew  ■  l*'**/>""~^' 
If  the  slip  is  12}  per  oent.,  z  =c  ).    Then,  for  ordinary  merchant  single^craw  ahips. 

Btde. — Diameter  of  aorew  =  BO*/—-"    "■ 
For  very  high-speed  screws  with  an  effeotiva  alip  of  30  per  cent,  xm  ^.    Then- 
Diameter  of  acrew  =  ^IjJ     J^' 

But  the  diameter  ia  praotice  is  governed  by  other  faotws  than  have  been  taken  into 
account  in  the  atiove.  It  is  well  known  that  a  bluff  cargo  boat  reqairea  a  larger  aoraw 
than  does  a  ship  of  the  same  dimeniions  and  powir.  but  of  finer  linea.  and  that  the 
finer  the  lines  are  the  amaller  diameter  may  the  screw  have. 

The  following  lule  maybeobserved,  therefore,  in  determining  tbe  diameter  of  screws 
for  every  bind  of  ship  to  give  tbe  best  results  in  smooth  water  at  or  near  the  full  speed. 
If  a  ship  is  frequently  exposed  to  a  rough  sea,  or  is  to  be  on  service  with  the  screws  par- 
tially immersed,  a  aomewhat  larger  screw  may  be  found  of  advantage. 

Au/«.— Diameter  of  screw  =  F  x  kT;  '    "    '.    F  being  the  prismatic  ooeffidoit 


I,  and  K,  for  a  single  screw,  7*3;  for  a  twin  screw,  6'C;  for  triple  aorews,  9*0 
for  the  centre  screw  and  S'6  for  the  sings  ;  and  for  qoadruple  screws,  S'3o. 

Sxample. — To  find  the  diameter  ior  a  crots-ohancel  twia-sorew  ship  of  B0001.H.P., 
ISO  levolatioDB,  coefficient  of  fineness  O'flO,  pitoh  of  screw  16  feet,  effective  slip  1. 


Bj/firUrvU—        
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REVOIUTIONARY  SPEED .«  FEET  fo  SECOHa 


PRESSURE  in  L9S  ran  SQ7INCH. 

D.oiliz.oB,GoOglc 
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SxampU. — To  find  tb«  dUmeter  of  a  aorew  for  a  fine-lined  Bingle-Bcrew 
thi]i  of  1200  horae-power  when  working  at  70  roTolutiona,  and  to  havQ 
S  pitch  of  20  feet. 


Diameter  of  screw  -  21,000 


V  {2 


1200 
'  {20  X  70)»  ■ 

SasampU. — To  find  the  diameter  of  a  screw  snitable  for  an  engine  of 
350  N.H.P.,  for  a  cargo  iteamer,  and  baring  a  pitch  of  20  feet. 


250 


Diameter  -    .  /  —  x  20,  or  lfi-8  feet 
V    20 

Example. — To  find  the  diameter  of  the  single  screw  for  a  very  fiae  steam 
laaach  whose  engines  develop  200  I.H.P.  when  working  at  300  reTolntions, 
the  pitch  to  be  6  feet. 

Diameter  of  screw  -  26,000     /.     '^^^,  -  ^^'°^,  or  4-6  feet 


(  300)*       6400  • 

lie  blades  of  the  large  screws  as  nsually  fitted  in  full-cargo  steamera 
reach  out  into  the  comparatiTely  undisturbed  water,  while  the  small  screws 
h&Te  a  strong  tendency  to  race,  from  the  occasional  failure  of  the  water  to 
flow  in  behind  the  buttock  lines. 

A  screw  steamer  may  have  a  full  "  entTsnoe,"  and  steam  very  fairly  well 
if  the  "  run  is  dean,"  while,  on  the  other  hand,  a  fine  entrance  will  not  com- 
pensate for  a  full  "  run." 

Rules  are  oft«n  eiven  for  the  diameter  of  a  propeller  without  regud  to 
the  size  or  power  of  ma  engines,  being  generally  based  on  the  relation  tetweea 
the  area  of  the  screw's  disc  and  that  of  the  immersed  midship  section.  It  was 
also  a  very  common  thing  to  find  in  specificationB  ■'  to  fit  as  large  a  propeller 
as  the  draught  of  water  will  permit ;  this  means,  in  most  cases,  a  propeller 
working  inefficiently  on  account  of  the  blades  emerging  from  the  water  and 
carrying  air  down  with  them.  If  engineers  generally  would  separate  die 
efficiency  of  the  screw  from  that  (A  the  machinery,  sach  large  screws  would 
often  be  discarded 

Indicated  Thnist.  —The  efficient  of  the  screw  may  be  examined  on  the 
system  proposed  by  the  late  Dr.  Froude — viz.,  by  constructiiig  curves  of 
indicated  lArutt  on  the  same  principle  as  that  described  in  Chap,  iii.,  for 
curves  of  I.H.P. 

In  this  case,  however,  the  ordinates  represent  the  thrust  as  calculated 
from  the  I.H.F.,  or  from  the  jM-essure  on  tlie  pistons,  and  this  for  convenience 
is  generally  expressed  in  tens. 

It  is  assumed  that  the  pressure  on  the  pistons  multiplied  by  twice  their 
stroke  is  equal  to  the  thrust  multiplied  by  tiie  pitch,  and  if  there  were  no 
loss  by  friction  of  machinery,  bo.,  by  the  principle  of  work  this  would  be 
true. 

Let  p  he  the  mean  efiective  referred  pressure  on  the  low-pressure  pistons 
in  pounds  per  square  inch,  n  their  number,  A  their  area  in  square  inches,  L 
tiie  lengtli  of  stroke  in  feet,  and  F  the  pit<ji  of  the  screw  in  feet;  t^en. 
Thrust  X  P-pxAx»x3L, 


Thrust  = 


T • 

liaiti-ob/GoOt^lc 
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tf  both  ntunerator  and  denomin&tor  of  the  fractioii  be  multiplied  by  B, 
Uie  number  of  revolutiona  per  minute, 


This  is  called  the  indiealed  thnul,  aad  it  waa  by  constructing  a  curve  of 
indicated  ihnut  that  the  ineffideno;  of  tiie  original  bctbitb  of  H^.S.  "Iris" 
was  disooTOTed. 

Dr.  Fronde*  also  explained  the  method  by  which  he  estimated  the 
" initial /rietitm,"  or  "the  equival^kt  of  Miction  of  the  engines  due  to  the 
working  load."  He  aaid — "  When  decomposed  into  ite  constituent  parts 
indicated  thrust  is  resolved  into  several  elements,  whioh  muat  be  enumerated 
and  kept  in  vievr.  These  elements  are — 1,  the  nsefol  thrust,  or  ship's  true 
resistance ;  2,  the  augment  of  resistance,  which  is  due  to  the  diminution 
which  the  action  of  the  propeller  creates  in  the  pressure  of  the  wat«r  against 
the  stem  end  of  the  ship;  3,  the  equivalent  of  the  friction  of  Uie  screw  bladea 
in  their  edgeway  motion  through  the  water ;  4,  Uie  equivalent  of  the  friction 
due  to  the  dead  weight  of  the  working  parte,  piston  packings,  and  t^e  like, 
which  constitate  the  initial  or  slow-speed  friction  of  the  engine;  6,  the 
equivalent  of  friction  of  the  engines  due  to  the  working  load ;  6,  the  equiva- 
lent of  air-pump  and  feed-pnmp  duty. 

"  It  is  probable  that  2,  3,  and  4  of  the  above  list  are  all  very  nearly  pro- 
portional to  the  useful  thrust ;  6  is  probably  nearly  proportional  to  the  square 
of  the  number  of  revolutions,  and  thus,  at  least  at  the  lower  speeds,  approxi- 
mately to  the  useful  thrust ;  6  probably  remains  constant  at  all  speeds,  and 
for  convenience  it  may  be  regarded  as  constant,  though  perhaps  in  strict 
truth  it  should  be  termed  'initial  friction.'  If,  then,  we  could  separate 
the  quasi-constant  friction  from  the  indicated  thrust  throughout,  the 
remainder  would  be  approximately  proportional  to  the  ship's  &ve  resist- 
ance. 

"  Now,  on  drawing  a  curve  (of  indicated  thrust)  ...  it  becomes  at 
onoe  manifest  in  every  case,  that  at  its  low-speed  end  the  curve  refuses  to 
descend  to  the  thrust  zero,  but  tends  towards  a  point  representing  a  con- 
siderable amount  of  ttirust,  and  it  is  impossible  to  doubt  that  this  apparent 
thrust  at  the  zero  of  speed,  when  there  can  be  no  real  thrust,  is  the  equiva- 
lent of  what  I  have  termed  initial  friction;  so  that  if  we  could  determine 
correctly  the  point  at  which  the  carve,  if  prolonged  to  the  speed  zero,  would 
intersect  l^e  axis  0  Y  (fig.  1 1 7),  and  if  we  were  to  draw  a  line  through  the 
intersection  parallel  to  the  base,  the  height  which  would  be  thus  cut  off  from 
the  thrust  ordinates  would  represent  the  deduction  to  be  made  from  them  in 
respect  of  constant  or  initial  friction,  and  the  remainders  of  the  ordinates 
between  this  new  base  and  the  curve  would  be  approximately  proportional  to 
the  ship's  true  resistance." 

*  Tnauaetion*  qf  (Ae  Inttitviim  qfyaval  ArthiucU,  toL  xvil.,  18701 

Gooqfc 
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Dr.  Fronde  then  expluna  his  metiiod,  vhicli  is  sufaetKntMlly  as  follows  :— 

Let  OB,  0 C,  O D  represent  the  three  prcwnariTe  speetu,  observed  in 

the  usual  waj,  and  B  E,  C  F,  D  O  the  indicated  tlirast,^culated  from  the 


data  observed  at  those  speeds;  tliroa^  tlie  point*  O,  F,  £  draw  the  carre  of 
indicated  thrust  Let  O  A  represent  a  low  speed,  which  should  not  exceed 
5  knots,  aod  A  H  the  oorresponding  indicated  thmst;  continue  the  onrve  to 
H,  and  at  H  draw  a  tangent  to  tiie  ourre  cutting  0  Y.     Take  a  point  M 

between  O  A,  ao  tbat^  -  ^     Di»w  M  K  paraUel  to  A  H,  and  cutting 

UwtaacentliiMatE.  Through  E  dnw  a  line  K  T  paraUel  to  0  D,  cutting 
OYatTT.  Then  OT  is  tiie  part  cut  off  OY  by  the  curve,  and  represent  the 
initial  friction. 


Fig.  117.— Curre  of  Indicated  Thmat 

Dr  Froude  deduced,  from  careful  inveatigatioD,  that  only  37  to  40  per 
cent  of  the  whole  power  delivered  is  usefullT  employed,  and  Chat  "the  con- 
stant friction  is  equivalent  to  from  on»«i^tIi  to  ooe-sixtii  of  the  gross  load 
on  the  engine  when  working  at  its  maximum  speed  and  power." 

E]q)enmenU  with  engines  employed  in  generatiiu;  electrical  energy,  and 
which  run  at  oonstant  rovolatfons  whatever  the  load  may  be,  require  very 
little  more  power  to  overcome  their  own  resistance  when  running  at  full  load 
than  with  no  load.  The  Belliss  A  Morcom  engine,  wi&  forced  lubrication, 
requires  only  6  to  7  per  cent  of  its  full  power  to  do  so ;  that  is,  its  efficiency 
is  93  to  94  per  cent,  at  full  power,  ana  zero  when  reduced  to  7  per  cent  m 
its  power. 

A  marine  engine  does  not  work  under  the«e  conditions,  for  its  load  varies 
with  the  cube  of  the  revolutions.-  Ite  resistance  per  revc^ution,  however,  is 
Hot  very  much  more  at  full  speed  than  it  is  at  slow  speed.  Hence  the  power 
to  overcome  its  own  resistance  may  be  taken  as  /  x  R ;  its  gross  power, 
however,  i«  F  k  B*.     Henos  ^e  usefol  work  is  F  x  B*  -  /B^  and  its 
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But  one  of  Uie  causes  of  loss  of 
iB  installation  is  the  friction,  Stc,  of  the  piopeller,  tmd  this 
Tuies  as  the  sqnara  of  the  revolutioDs  and  tiie  power  as  the  cube,  and  mokes 
a  further  oomplicatioQ. 

Also,  taking  the  power  due  to  tiie  ship's  net  reaistanoe  as  KH.F.,  and 
the  six  elaments  already  enumerated  when  multiplied  by 

Speed  of  ship  in  feet  per  minute      a  tt  n 

IpUo     ••  ^■^^• 

Then 

S.H.P.  =  2-347  KH.P. 

Pitch  of  Screw. — Let  8  be  the  speed  of  the  ship  in  knots,  K  the  nnmber 
<^  revolutioos  per  minute,  and  «  tiie  slip  in  knots ;  then 


If  the  slip  is  expressed  as  so  much  per  cent,  of  M<  tpsed  of  tarmo,  which 
is  the  common  way,  and  is  x  per  cent.    Then 

a  -  speed  of  screw  \\  -  j^Y 
or 

Sp«dof«re,.S+(l-4).Sx^^. 

Then 

p     .       8  X  100  K  60«0  _  8        10.133 
^"*"'  "    60  R  (100 -(b)    ~  S  "  iOO^' 
ExampU. — ^To  find  the  pitch  of  the  screw  for  a  ship  whose  speed  is  15 

knots,  the  slip  is  10  per  cent,  and  the  number  of  revolutions  60  per  minute. 

The  slip  of  a  well-proportioned  screw  on  a  ship  of  fairly  good  form  should 
not  exceeaS  per  cent  when  at  tea  full  speed,  and  10  per  cent  when  on  iriai 
full  speed.  U  the  slip  is  less  than  0  per  cent,  at  full  3*eed,  the  screw  is  not 
of  such  proportions  as  to  suit  the  particular  ship.  The  large  propellers  of 
Uaff  cargo  boals  already  alluded  to,  nowerer,  seldom  exceed  fi  per  cent.,  and 
to  tiiem  the  remark  does  not  apply.  An  excessive  amount  of  slip  does 
not  of  necessity  imply  waste  of  power,  as  it  may  arise  from  smallness  of  dia- 
meter ;  and  also  when  a  screw  of  larger  diameter  gives  a  better  speed  than 
that  obtained  by  the  original  small  one,  it  is  often  due  to  the  increased 
effidenoy  of  machinery  at  a  reduced  number  of  revolutions. 

An  abnormally  large  amount  of  slip  may,  however,  be  due  to  want  of  area 
of  screw  blade,  and  when  this  is  the  case  the  curve  of  indicated  thrust 
exposes  it,  as  it  will  then  exhibit  want  of  augmentation  of  thrust  at  the 
higher  speeds. 

Area  of  Screw  Blade. — The  best  area  of  surface  of  screw  blade  is  not 
easily  determined,  except  by  actual  experiment,  or  from  data  derived  from 
the  performances  of  similar  ships  with  Bimilar  screws.  The  general  indica- 
tion of  too  little  surface  is  an  abnormal  amount  of  slip  at  the  higher  speeds 
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■wiik  a  low  indicated  tbnutj  a  too  large  unoont  of  Btir6toe  generally  nnaes 
the  acrew  to  abow  apparent  negatiTe  slip,  especially  at  tiie  lower  gpeeda ; 
negatdve  slip  oocnra  more  eapecially  when  tben  is  eztzs  anrface  of  blade 
near  the  tipe.  In  H.li.  Navy  negative  slip  was  nsnally  obserred  with  four- 
bladed  propellers,  and  eapeciaJly  with  tlioae  of  the  "  Muigin  "  type- 

liie  area  of  blaidee  given  Dy  tlie  following  mle  is  such  as  is  generally 
foond  to  give  good  resnlta,  and  may  be  used  by  Uiose  who  hare  no  good 
ezperienoe  to  guide  them : — 


Total  area  of  aorev  blades 


-ys 


.H.P. 


jTolotions' 

K  for  ^bladed  on  Unff  line  ships,  -  16  for  single  screw;  IS  for  twin  screws. 
,.  „  fine         „  -  U-5  „  10-5 

»     3-    „  „  „  .  13  „  &-0 

„  „  very  fine  line  ships,  12  „  7-9  „ 

„  „  torpedo  boats,  Jra,  10--fi  „  6-0  „ 

The  projected  area,  or  the  area  of  the  blade  as  drawn  on  an  end  elevation, 
such  as  would  be  seen  on  looking  toward  the  stem  of  the  ship,  is  ottoa  taken 
as  the  criterion  of  actual  blade  surface ;  and  is  to  some  extent  a  true  one, 
since  a  coarse  piteh  blade  requires  more  surface  tiian  a  fine  ptt«h  one  for  the 
same  power  developed  by  the  engine,  and  the  projtcted  area  of  (^  fine  pitch 
blade  will  not  differ  much  from  that  of  tiie  coarse  pitch  one. 

Thickness  of  Blade. — The  strength  of  a  blade  at  the  root,  or  part  near 
the  boss,  will  vary  nearly  directly  as  tlte  breadth  and  as  the  square  of  the 
thickness,  and  for  practical  purposes  may  be  assumed  to  do  sa  The  strain 
on  the  propeller  will  vary  as  the  cube  of  the  diameter  of  the  tunnel  shafts, 
and  very  nearly  as  the  cube  of  the  diameter  of  the  propeller  shaft  In 
similar  engines,  the  twisting  power  of  tiie  engines  has  been  shown  to  vary 
as  I.H.F.  7  revolutions. 

Let  d  be  the  diameter  of  the  screw  shaft  close  to  the  propeller,  (  the 
breadth  of  blade  in  inches  at  a  distance  of  H  x  tf  from  the  centre,  and  n  the 
number  of  blades ;  B  the  number  of  revolutions  per  minute.    Then 

Thiokaees  of  blade  (at  1(  x  tf  from  oentre)  -    ./  -  — .  x  K, 
also 

Thickness  of  blade  „  „  =    .  /^'~'  ^-^  x  K  ; 

/  may  be  taken  as  100  for  oompound  engines  of  the  ordinary  two«ylinder 
type;  90  for  three -cylinder  compound,  four-crank  triple,  and  quadruple 
engines ;  and  8G  for  thre&crank  triple-compound  engines.  The  value  of  K 
is  4  for  cast  iron,  2  for  ordinary  gnn-meteX  1*6  for  cast  steel,  and  1-5  for 
foiled  st«el  and  bronzes  of  superior  make.  For  ships  engaged  in  the  North 
Atlantic  or  other  seas  where  rough  weather  largely  prevails,  these  factors 
may  with  advantage  be  increased  by  20  to  35  per  cent.  This  is  especially 
necessary  for  cargo  vessels,  which  may  often  have  to  run  "  light." 
The  thickness  of  metal  at  the  tip  should  be  0-2  of  that  at  the  root 
Propellers  made  of  steel  and  bronze  are  very  superior  in  streng^  to  those 
of  cast  iron,  even  if  made  in  accordance  with  these  rules ;  for  if  made  of  ttie 
tains  strength  only,  Qia  blades  would  not  be  sfijf  enough,  and  would  vilxste 
very  considerably,  especially  when  racing. 


TBIOK»«S» 


OF  BtAB* 


^,^-sM-'-^'^^'^'  Coog\c 
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Fig.  116  ia  a  typical  one  of  ft  solid  out-iron  propeller.  It  is  also  tfpioal 
of  the  form  of  the  bisde  of  a  loosA-bladed  propeller,  and  tbe  proportioiu  are 
auch  aa  would  be  found  generally  with  those  having  three  blade*.  Tbe 
Admiralty,  h  well  as  many  private  engineeia,  prefer  to  have  the  blades 
rounded  at  the  top  as  shown,  but  blades  in  the  past,  as  well  as  many  of  them 
in  the  present,  are  shaped  as  shown  in  dotted  lines  at  M. 

The  snrfaoe  of  propellers  designed  approximately  to  fig.  118  may  be 
found  by  the  following  rule : — 

Aggregate  snrfaoe  KDxBxfl-^F. 

D  being  tbe  diameter  in  feet,  B  the  mazimnm  breadth  in  feet,  n  tbe 
number  of  blades,  and  F  for  rounded  tips,  3,  and  for  sqoare  ended,  2-85. 
The  blade  sections  are  obtained  by  taking  a  point  ^  so  that 

OB-  ^-^jK', 

d  being  tbe  diameter  of  the  screw  shaft  at  the  inner  end  or  that  of  the 
ttuinel  shafti^,  n  the  number  of  blades,  b  their  maximum  breadth  in  inobea. 
The  value  of  K'  is,  for  oast  iron,  6*3  ;  for  ordinary  gun-metal  or  bronse,  3-S; 
for  cast  steel,  3*0 ;  and  for  bronzes  of  saperior  strength,  2-35. 

The  transverse  sections  of  the  blade  shoald  be  somewhat  like  tbe  water- 
lines  of  a  ship,  with  a  fore-body  shorter  than  the  after-body ;  the  line  of 
maximum  thickness  is  shown  on  the  figure,  and  the  sections  should  taper  in 
thickness  from  that  line  on  either  side.  Some  engineers  do  so  by  straight 
lines,  but  a  slight  amount  of  curvature  is  better. 

Taking  T  as  the  thickness  at  -^  th  of  the  diameter,  or  1  -5  d  from  tbe  centre, 
tbe  tiiiokness  at  ^ths  should  be  005  T,  at  ^ths  -  Qi  T,  and  at^tba  -  0-23T. 

Propeller  Boss. — When  for  a  loose-bladed  propeller,  this  is  usually 
spherical  in  general  form,  witit  flats  or  recesses  for  the  blades.  The 
mameter  of  the  sphere  is  from  ^  the  diameter  ot  tiie  screw  for  small  pro- 
pellers, to  ^  tiie  diameter  for  ulirge  ones,  and  may  be  taken  at 

—  0'9  Vdiameter  screw. 
The  length  of  the  boss  depends  on  the  size  of  the  base  of  Uie  bladee,  and 
is  generally  about  0-86  the  diameter  of  sphere  for  a  two-bladed  ecrew,  and 
0-76  when  four-bladed. 

The  bosses  of  some  very  large  screws  have  been  mode  oval  in  fore  and 
aft  section,  and  the  base  ca  liie  blades  made  oval  to  fit  them.  This  form 
is  not  so  good  for  many  reasons  as  the  spherical,  and  was  adopted  more  on 
account  of  the  boas  being  a  forging  than  from  any  other  caust-. 

In  H.M.  Navy,  as  well  as  in  ^e  navies  of  most  countries,  bronze  of  some 
kind  is  the  material  employed  for  both  boss  and  blades,  l^e  Admiralty 
specify  that  it  must  be  composed  of  87-66  best  selected  copper,  8-32  tin,  and 
4-03  best  Silesian  spelter.  This  mixture,  when  carefully  made,  should  have 
an  ultimate  tensile  strength  of  1 6  tons  per  square  inch,  and  be  very  tough. 
Unless  very  carefully  melted,  however,  t^  pieces  from  lai^  castings  seldom 
exceed  14  tons. 

Hie  Admiralty  have  also  phosphor-bronze  and  manganese-bronze  pro- 
pellws,  but  seem  not  to  pr^er  uiem  to  ordinary  bronze,  whiidk  possibly  may 
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be  more  suitable  to  tiie  nrvice,  and  less  liable  to  det«rioratioii,  &a.  Bronie 
ifl  »  necessity  with  some  naval  ahipa,  on  aooonnt  of  the  copper  on  the  bottoms 
and  the  brass  elsewhere  in  tlie  submerged  parts  affecting  cast  iron  or  steel ; 
it  is  also  nsed  because  its  strength  is  superior  to  that  of  cast  iron,  and  because 
steel  is  viewed  with  some  considerable  amoont  of  distrnst  bj  the  anthorities, 
whioh  has  not  been  lessened  by  tlie  action  of  some  of  the  larger  steamship 
companiee,  who  are  now  generally  adopting  bronzes  in  lieu  of  steel. 

In  tJie  mercantile  marine,  the  boss  is  generally  of  cast  iron,  of  as  strong 
a  mixture  as  can  be  made,  or  of  oast  steeL  In  Mrgo  steamers  sjid  all  shipa 
which  make  long  voyages  to  distant  parts  tiie  bosses  should  be  of  cast  steel, 
whetiier  tiie  blades  be  of  iron,  steel,  or  bronze. 

The  studs  tor  securing  tiie  blades  to  the  boss  are  of  bronze  for  bronze 
blades,  and  sometimes  for  iron  and  steel  blades,  but  for  the  latter  best  iron 
or  steel  is  preferable,  the  nuts  being,  however,  of  brass  with  dosed  ends  to 
protect  Uie  studs. 

The  bosses  <rf  solid  cast  propellers  are  oral  in  fore  and  aft  sectioo  as  a 
rule,  and  are  from  i  to  ^  the  diameter  of  the  screw  in  diameter,  and  about 
2|  to  2 j  tunes  tiie  diameter  of  the  shaft  in  length. 

Screw  Propeller  Blades. — The  screws  of  ships  of  the  mercanfdle  marine 
are  generally  of  cast  iron,  and  up  to  moderate  sizes  are  almost  invariaUy 
cast  solid,  although  latterly  there  is  a  decided  tendency  to  adopt  those  witti 
loose  Idadea.  A  solid  screw  is  more  efficient  than  one  whose  blades  are 
bolted  on,  and  is  only  about  half  the  cost  of  the  latter.  The  cause  of 
ineffidenoy  arises  from  the  resistance  of  the  projeoting  nuts,  and  often  this 
is  added  to  by  the  clumsy  flanges  of  the  blades,  which  project  beyond  the 
boss  itself.  A  well-designed  and  carefully  made  screw  sfaould  have  tiie  base 
<rf  tlie  blade  conforming  to  tlie  general  outline  of  the  boss,  and  the  nuts  or 
bolt  heads  reoessed  into  l^e  blade  base,  and  covered  in  witli  a  metal  case  or 
cement  flush  wit^  the  surface  (fig.  118a).  The  screws  in  H.M.  Navy  are 
generally  made  in  this  way,  and  are  then  quite  as  effident  as  a  solid  screw. 

If  one  of  the  blades  of  a  solid  screw  is  broken  off,  the  whole  screw  is 
practically  ruined,*  and  the  expense  of  a  new  one  thereby  entailed ;  also^ 
what  is  (n  more  serious  consequence,  the  ship  must  go  into  a  dry  dock,  or  on 
a  slip  or  "  hard  "  to  have  it  removed,  which  operation  is  long  and  tedious,  aa 
the  boss  must  be  forced  off,  the  tunnel-shaft  taken  down,  and  the  screw-shaft 
withdrawn  before  the  new  one  can  be  fitted.  On  the  other  band,  if  the 
screw  has  ite  blades  bolted  on,  and  one  is  damaged,  it  can  be  removed  by  a 
diver,  and  a  new  one  fitted  in  ite  plaoe  at  a  very  small  expense,  and  in  a  very 
short  time ;  and  even  when  an  experienced  diver  cannot  be  obtained,  the 
ship  can  be  tipped  by  discharging  cargo  from  aft,  lie. 

The  forms  of  propeller  blades  are  so  numerous  and  varied  as  to  be  beyond 
description  here.  The  well-known  blade  (fig.  119)  introduced  by  Mr. 
Griffiths,  and  now  bearing  his  name,  was  the  one  most  generally  adopted 
hv  engineers,  and  generally  gave  satisfaction.  Only  a  few  carry  out  the 
plan  be  usually  so  strongly  recommended,  of  bending  the  blade  slightly 
forward,  perhaps  prindpally  because  it  then  came  too  near  to  the  stern-post 
Some  have  tried  blades  bent  in  the  reverse  way,  and  satisfied  themselves 
that  improved  performance  is  obtained.  The  data  published  by  inventors  of 
screws  are  generally  very  misleading,  as  the  failures  are  never  mentioned, 
and  seldom  is  it  observable  that  an  old  screw  has  been  replaced  by  a  patent 
<me  of  the  same  diameter,  pitch,  and  area.  There  is  little  doubt  that  the 
*  A  dew  foonder  osa  bum  on  new  ends  to  bltdce  both  with  iron  and  tmnmi 
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better  renlb  with  tlie  "  Improved  acnw  "  ue  dne  »tlier  to  better  propor- 
tions  thAn  to  tlie  particnlu  jAopc  of  blade,  llie  number  of  patenta  relating 
solely  to  the  form  of  blade  ia  endleaa,  and  some  special  oneo,  introdociiig 
additions  "  to  preyent  loss  from  (he  oentrif agal  action,"  reappear  periodic&Uy 
u  noTeltiee.  This  latter  is  a  great  bngbear  with  many  engineers ;  for  after 
all,  the  loss  from  this  cause  is  in  a  well-formed  sorew  very  slight,  so  tiiat  it 
always  happetis  that  mesas  adopted  to  prevent  it  are  themselTee  cuuee  of  s 
greater  loss  from  frictional  resistance. 


Aa  a  mle,  the  greatest  breadth  of  blade  should  not  be  beyond  one-third  of 
the  diameter  of  the  disc  from  the  oentre,  and  should  be  approximately  as 
given  hy  the  following  rule : — 


Mftrim""!  breadth  of  blade  in  inches 


"       V  revt 


revolutions 


For  a  four-bladed  screw,  K  —  14 ;  for  three-bladed,  K  —  17 ;  and  for  two- 
bladed,  E  °  22. 

The  breadth  of  blade  at  the  tip  should  be  from  1  to  {  the  maximam. 

Propellers  are  often  made  with  the  blades  of  finer  pitch  near  the  boss 
than  at  the  tip,  partly  that  the  angle  shall  not  be  so  coorae  that  this  part  of 
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Che  Uftde  only  choniB  the  mter,  aad  partly  that  the  hold  on  the  boas  due  to 
Hie  iDcreeaed  oreadtik  of  the  blade  may  be  greater.  A  decrease  of  pitch  of  10 
per  cent  has  given  good  reeolts,  and  when  the  propeller  is  of  small  diameter, 
with  a  very  ooarse  pitch,  «a  much  as  IS  per  cent  decrease  may  be  adopted; 
OS  a  rule,  however,  a  true  helix  nvea  best  propelUog  results. 

Hatflrial  for  Screw  Blades.— JDast  iron  is,  (^  course,  the  cheapest  matenal 
for  this  porpoee,  and  also  possesses  another  advantage  not  so  much  appreci- 
ated until  experience  teaches — vis.,  that  when  struck  violently  against  an 
obstacle  like  a  jetty  or  wreckage,  it  breaks  clean  off,  without,  as  a  rule^ 
damaging  the  shaft ;  on  the  other  hand,  steel  or  bronze  blades,  which  are 
strong  enough  and  tough  enouj^  to  resist  fracture,  are  sometunes  bent  so  aa  to 
prevent  the  screw  from  turning,  and  often  cause  the  shaft  to  be  seriously  bent, 
or  even  broken.  Cast  iron  when  used  should  be  of  the  very  best  description, 
twioe  cast  and  cooled  slowly ;  hematite,  and  even  steel,  is  often  added  to 
strmgthen  the  mixture ;  the  former  is  now  generally  nsed  by  moulders  for 
this  pnrpoee. 

Steel  blades  can  now  be  bought  at  about  two  and  a-balf  times  the  cost  of 
cast-iron  ones ;  they  are  very  much  stronger,  even  when  Uie  section  ia  con- 
siderably reduced,  and  consequently  are  more  reliable,  especially  for  engines 
of  very  large  power,  which  must  work  at  high  speeds  in  rough  weather.  The 
efficiency  <a  the  propeller  is  also  much  increased  in  consequence  of  the  reduc- 
tion in  tiiickness ;  hence  when  the  best  possible  results  are  necessary  blades 
ot  the  strong  bronzes  should  be  fitted  with  their  surfaces  ground  or  filed 
smootli. 

The  chief  objection  to  steel,  especially  to  cast  steel,  is  its  liability  to  rapid 
corrosion  on  the  backs  c£  the  blades.  Cast  iron  corrodes  into  pits,  but  steel 
goes  much  more  rapidly,  and  in  some  instanoee  tiie  tips  are  "honeycombed" 
in  a  few  weeks. 

Faint  provides  little  or  no  protection,  and  even  nickel  plating,  which  has 
been  resorted  to  by  some,  has  not  proved  very  efficacious.  Mnntz  metal 
sheathing  bas  been  tried,  but  with  not  very  satimactory  results. 

Phosphor-bronze,  Faraon's  manganese-bronze,  Stone's  bronze.  Delta  metal, 
Ac,  are  t^ing  the  place  of  steel  in  many  quarters,  notwithstanding  that  the 
cost  is  about  twelve  times  that  of  cast  iron.  Blades  made  of  these  materials 
can  be  cast  very  thin — thinner,  in  some  cases,  than  if  made  of  st«el — because 
there  is  no  loss  d  strength  by  oorrosioii ;  in  fact,  the  very  high  speed  of 
certain  ships  is  attributed  largdy  to  the  high  efficiency  of  the  propeller  from 
the  t.KitinftHa  of  the  blades. 

Bronze  propellers  are  objected  to  on  the  ground  that  injury  ia  often  done 
to  the  iron  work  near  them  by  galvanic  action  ;  but  the  Admiralty  does  not 
hesitate  to  continue  the  practice  of  fitting  them,  nor  do  the  large  steamship 
companies.  Corrosion  does  sometimes  take  place  in  such  a  way  as  to  cause 
the  source  ol  the  evil  to  be  attributed  to  bronze  screws ;  but  the  fitting  of 
some  slabs  of  zino  in  way  of  the  propeller  prevents  it,  and  removes  all  fear  of 
iU  ctmseqaences. 

Welgnt  of  Screw  Propellers  may  be  calculated  with  a  dose  approximation 
to  truth  by  the  following  mle : — 

■m  ■  Li  ■      _^       Surface  X  thickness 
Weight  in  cwt ^ 

The  surface  is  taken  in  square  feet,  the  thickness  in  inches  at  the  root  of 
the  blade. 


ogle 
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K  ia  for  solid  oaat-iron  screws,  4*5 

„  „     bronze  „  3'8 

built  C.  iron        „  SO 

„  „     C.  steel       „  2-8 

„  „     bronse        ,,  2-0 


Feathering  Screws. — Yaciita  and  ahipa  whicb  ore  required  to  sail  aa  well 
■a  steam  caimot  well  do  the  former  when  the  screw  is  stopped,  unless  some 
means  be  adopted  of  feathering  the  blades,  so  that  the;  are  nearl;  in  a  fore 
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and  aft  plane,  or  else  hj  withdrawing  the  propeller  altogether  from  the  water. 
The  late  Bennett  Woodcroft  patented,  in  1844,  a  plan  for  feathering  the 
blades,  which  in  a  modified  form  was  fitted  by  Mesars.  Maudslay,  Sons,  A 
Field  to  several  ships.  The  blodea,  ef  which  there  are  two,  have  shanks 
fitting  into  the  boss,  to  which  short  levers  are  secnred  inside  the  bosa ;  these 
levers  are  ooimect«d  by  links  to  a  sliding  collar  outside  the  boss,  which  is 
oarried  round  with  the  shaft,  bnt  is  capable  of  being  moved  "  fore  and  aft"  on 
it  by  means  of  a  pair  of  bell-crank  levers  actuated  hj  a  screw  from  on  deck. 
When  it  was  desired  to  sail,  the  blades  were  moved  round  into  the  fore  and 
aft  position  by  sliding  the  collar  from  the  boss. 

Beris'  Patent  Feathering  Screw.— Many  patents  were  taken  oat  for 
methods  of  effecting  a  similar  movement  of  the  blades,  without  the  ebjeo- 
tionable  feature  of  external  bell  cranks,  and  to  the  late  Mr.  Bevia  is  due  the 
perfecting  d  tlus  idea.  In  1858  Qregory  and  Craymer  patented  a  feathering 
screw  of  which  "  the  screw  propeller  ah^  is  made  hollow,  and  a  second  shaft 
goes  through  it,  carrying  worm  threads,  which  act  on  the  propeller  blades,  so 
as  to  feather  them  to  the  angle  desirable."  In  1866  H.  B.  Young  patented  a 
somewhat  similar  idea  as  to  me  hollow  shaft,  but  says  "  levers  may  be  attached 
to  the  shanks."  Fig.  119  shows  the  Bevia  plan,  which  needs  no  description, 
and  answers  its  purpose  admirably. 

LUting  Screws. — The  screws  of  warships  were  formerly  nearly  always 
made  and  fitted,  so  l^t  when  desired  they  could  be  raised  to  the  level  of  the 
deck  for  examination  and  repair  when  necessary,  and  to  prevent  obstniction 
when  sailing.  This  plan  is  a  veir  costly  one,  and  not  so  efficient  as  tbe 
feathering  Hade,  inasmuch  as  the  ship  steers  badly  owing  to  the  gap  in  tlie 
deadwoocC  but  it  admits  of  examination  and  repair,  which  is  of  Die  utmost 
importance  in  a  warship.  A  hole,  however,  b  also  necessary  through  the 
atera  to  admit  of  the  screw  coming  on  deck,  which  very  much  weakens  what 
is  already  a  somewhat  weak  part  oi  the  hull. 

The  lifting  screw  has  a  short  piece  of  shaft  cast  with  the  boss  or  fitted  to 
it  in  the  usuu  way ;  the  forward  end  of  this  shaft  is  provided  witli  a  drivins 
piece,  which  is  so  formed  as  to  fit  into  a  slot  across  the  cheese  coupling  keyed 
to  the  outer  end  of  the  stem  shaft  The  propeller  lb  carried  in  a  frame,  called 
the  banjo  frame,  which  is  arranged  to  slide  up  and  down  in  grooved  metal 
guides  secnred  to  the  stem  and  rudder  posts,  and  supported,  when  in  work- 
ing position,  by  two  strong  brackets  or  chairs  also  secured  to  these  posts,  and 
haa  down  by  two  strong  wooden  sampson  posts,  whose  upper  ends  are  fitted 
with  jam  screws  to  the  metal  guides ;  such  an  arrangement  is  made  wholly  of 
gun-metal. 
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CHAPTER  XVI. 

SKA-OOCSa  AKD  TALTES  ASD  AUXILUST   MACHIITKRT. 

Tbe  importance  of  having  eflBdent  oonnections  to  the  skin  of  the  ship  for 
inlet  and  outlet  purpose  has  long  been  recognised,  since  neglect  in  tbe  design 
or  working  of  these  fittings  has  sometimes  oansed  the  loss  of  a  ship.  Next 
to  absolute  safety,  simplicity  should  be  most  aimed  at  in  all  parts  of  the 
machinery  of  a  ship ;  out  in  no  place,  perhaps,  is  there  greater  need  of 
careful  oooaideration  than  in  the  arranging  and  designing  of  the  sea  and 
bilge  fittings,  so  that  neither  a  careless  nor  an  ignorant  engineer  can  endanger 
the  safety  of  the  ship. 

Lloyd's  Committee  have  issued  special  rules  on  this  subject,  and  the 
Beard  of  Trade  are  no  less  vigilant  in  endeavouring  to  eliminate  every 
source  of  danger. 

It  is  needless  here  to  give  any  illustration  of  how  easily  a  ship  may  be 
flooded  by  an  ill-oonsidered  arrangement  of  sea-cocks  in  ignorant  hands,  nor 
to  give  examples  of  ships  that  have  foundered,  for  eveir  engineer  has  heard 
of  them.  But  even  good  arrangements  may  cause  misuiiei^  if,  from  want  of 
simplicity,  they  are  ill  understood. 

In  the  first  place,  the  oocks  and  valves  themselves  should  be  of  simple 
construction,  ana  carefully  marked,  so  as  to  be  easily  seen  whether  they  are 
Open  or  shut.  The  parts  exposed  should  be  either  strongly  made  or  carefully 
guarded,  so  that  they  are  not  liable  to  injury  or  derangement ;  and,  when 
possible,  so  designed  that  they  can  be  packed  and  examined  without  having 
to  dock  the  ship.  It  is  also  necessary  that  the  very  large  openings  should 
have  a  second  valve,  as  a  safeguard  in  case  of  accident  to  the  first  one. 

Sesrcocks  and  valves  should  be  so  placed  that  they  are  accessible  at  all 
times ;  and,  as  far  as  possible,  within  sight  from  the  working  platforms. 

EingBton  Valve. — 'Por  all  large  inlets  the  JHw/slon  vaive  is  preferable,  as 
it  acts  as  a  non-return  valve  in  case  of  the  spindle  breaking,  and  con  then 
always  be  worked  by  simply  forcing  it  outwards,  either  with  the  spindle 
itself,  or  by  a  rod  substituted  for  it. 

Ihe  Kingston  valve  is  usually  made  in  the  form  of  a  frostrom  of  a  cone, 
with  a  taper  of  about  8  in  12 ;  the  length  of  the  seat  is  generally  about 

1  inch  + j-5 — .    The  object  of  this  form  of  seat  is  to  allow  the  valve  to 

close  itself  tight  in  place,  in  case  of  the  spindle  breaking,  by  the  pressure  of 
ihe  water.  The  Admiralty  require  that  these  valves  shall  be  made  in  one 
with  their  spindles,  of  best  gun-metal,  and  the  spindle  UtUd  to  a  strain  of 
half  a  ton  for  each  square  inch  of  section  of  valve.  For  example,  a  valve 
4  inches  diameter,  having  an  area  of  12-66  square  inches,  should  have  a 
spindle  sufficiently  large  to  be  tested  to  6^  tons. 

Hence,  if  the  proof  strain  of  good  gun-metal  be  token  at  6  tons  (which  (a 
quite  high  enough)  per  square  inch,  then, 
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Diameter  of  Kingetoa  ralve  spindle  at  bottom  1       diameter  of  valve 
of  thread,  ...  .  / "  3-46  ' 

so  that  a  1-inch  valve  should  have  a  spindle  1'15  inch  diameter  at  its  smallest 
flection. 

But  the  Admiralty  do  not  require  any  valve  to  be  t«st«d  above  1 2  tons ; 
SO  that  for  mere  teat  purposes,  no  spindle  need  have  more  than  2  square 
inches  in  section,  or  be  more  than  1  j  inch  diameter  at  its  smallest  part ;  but 
since  for  very  Urge  valves  a  spindle  of  this  size  would  not  be  stiff  enough, 
Hie  following  rule  for  all  v&lvee  above  6^  inches  diameter  holds  good : — 

_,       .       -     ■  ji        in-     .       diameter  in  inches  -  64  inches. 
Diameter  of  spindle  —  If  inch  +  ■  * 

Kingston  valve-boxes  and  ~ 

tubes  are  generally  made  of 
gun-metal;  but  this  is  not  a 
necessity,  except  where  hot 
water  or  steam  is  blown 
throagh  them,  when  cast  iron 
would  be  daageroDS.  If  the 
body  ii  of  cast  iron,  of  course 
the  valve  seat  should  be  of 
brass,  and  the  working  parts 
bushed  with  brass. 

Fig.  120  shows  a  good 
arrangement  of  Kingston 
valve  for  large  sizes.  It  has 
a  lifting  nut  secured  in  a 
bridge,  as  well  as  a  handle  on 
the  spindle  end;  the  former 
is  used  to  start  the  valve  or 
jam  it  in  its  seat,  and  the  latter 
merely  to  open  or  shut  it ;  the 
lock  nut  with  handle  is  to 
secure  it  in  any  required  posi- 
tion. In  this  figure  the  bead 
is  shown  screwed  on  to  the 
tube,  and  is  such  as  was  neces- 
sary in  wooden  or  composite 
ships ;  but  when  fitted  to  the 
skin  of  an  iron  ship,  a  flange 
is  formed  at  the  bottom  of 
the  conical  part,  as  shown  by 
dotted  lines  and  in  Fig.  121 
(A,  B,  C,  D).  A  much  simpler 
and  less  expensive  plan  is  to 
form  the  valve  like  an  ordinary 
stop- valve  with  four  wings,  and 

the  spindle  inverted — that  is,  Fig.  120.— Kingrton  Valve. 

on  the  same  side  as  tlie  wings; 

the  bottom  part  of  the  box  is  then  only  slightly  conical,  and  much  shorter 
—in  fact,  only  sufficiently  long  to  allow  of  the  valve  lifting  a  distance  equal 
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to  on«  qavter  of  it«  diftioeter,  Kud  in  this  poiiiion  leaving  space  between 
it  uid  the  gnting  for  the  free  flow  of  water. 

All  inlet  volvea  should  be  fitted  with  a  bnsa  grating,  whoM  mesbei 
should  Dot  exoeed  half  an  inch  in  breadth,  the  total  area  through  tbeic 
being  at  least  20  per  cent,  larger  than  the  net  area  of  the  tnbe.  In  the 
Kayy,  Kingston  ralves  are  fitted  to  all  iaieta  and  blow-off  pipes,  and  are 
always  aapplemented  with  a  cock  or  valve  attached  to  thetn. 


Tig.  121.— Detail*  of  Inlet  Valves. 

Yalves  are  fast  takiog  the  place  of  cocks  for  all  general  purposes,  so  that 
whenever  convenient  a  valve  may  be  fitted  in  lieu  of  a  cock  to  even  the 
smallest  Eiogston,  but  to  lai^e  Kingstons  a  cock  could  not  be  fitted,  and 
so  it  is  usual  to  find  an  ordinary  sluice  valve.  The  spindles  of  these 
supplementary  valves  should  atwaya  be  within  easy  reach  of  the  platforms, 
and  in  case  of  the  very  large  ones,  when  possible,  they  should  be  carried  so 
high  as  to  admit  of  the  valve  being  worked  when  the  engine-room  is  flooded. 

In  the  merchant  service,  whether  valves  or  cocks  are  fitted  to  the  skin 
of  the  ship  direct,  the  same  precautions  stioald  be  taken  as  enunLerated 
above,  and  extra  care  taken  to  protect  them  &om  injury,  as  they  are  very 
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liable  to  damage  from  the  flooring  plates  naahing  abont  when  a  consider' 
able  quantity  of  water  is  in  the  bilge  and  the  ship  roUJDg  heavily. 

For  the  larger  inlets  of  a  merchant  ship  an  ordinary  atop-valve,  opening 
inwards,  is  naually  fitted,  the  box  being  of  cast  iron.  A  good  plan,  ao  as  to 
avoid  a  number  of  openings  in  the  ship's  skin,  ia  to  fit  a  single  box  with 
one  atop-yalve  in  it,  and  that  by  preference  an  inverted  one,  and  to  this  box 
fix  the  various  cocks  or  valves  necessary  for  the  different  requirements. 
For  ships  destined  for  a  cold  climate,  a  small  cock  can  be  fitt^  near  the 
bottom  of  the  box  to  admit  steam  to  tbaw  any  ice  that  may  be  blocking 
the  orifice. 

Discharge  VolTei  should  be  fitted  to  all  outlets  through  the  ship's  side, 
ajid  they  coosiat,  m  a  rule,  of  simple  non-retum  valves  having  spindles 
passing  through  the  covers,  so  that  tbe  vftlves  may  be  lifted  or  pressed  down 
as  required.  Here  again  a  number  of  holes  through  the  skin  of  the  ship 
may  be  avoided  by  connecting  the  smaller  valves  to  the  box  of  a  large  one 
above  the  valve  itself.  In  many  cases  this  method  is  a  very  good  one, 
having  advantages  beyond  that  already  named — vis.,  that  the  pipes  can  be 
shorter,  and  the  valves  standing  clear  of  the  frames  of  the  ship  are  easy  of 
access. 

The  Board  of  Trade  *  require  that  all  inlet  and  discharge  valves  shall 
be  connected  directly  to  the  skin  of  the  ship,  and  have  no  pipe  or  joint 
intervening  (this  rule,  however,  does  not  apply  to  the  case  of  the  smaller 
valves  when  attached  to  the  box  of  a  large  one),  and  also  that  all  discharge 
valves  shall  be  placed  above  the  load  water-line. 

The  Admiralty,  on  the  other  hand,  for  obvious  reasons,  require  all  the 
discharge  orifices  to  be  below  the  water-line ;  and  while  in  the  merchant 
service  the  discharge  valve-boxes  are  nearly  always  of  oast  iron,  in  the 
Navy  they  are  invariably  of  brass. 

It  is  not  unusual  to  fit  the  smaller  discharge  valves  as  simple  non-return 
valves  having  no  extornal  spindle  whatever;  bat  this  has  the  disadvantage 
that  one  is  never  certain  if  the  valve  is  shut,  and  if  not  shut  it  is  beyond 
control. 

It  is  sometimes  found  convenient  to  fit,  for  large  discharges,  a  ttrajght- 
tArough  valve  in  lien  of  the  ordinanr  mushroom-valve.  This  straight- 
through  valve  is  an  ordinary  flap  valve  resting  on  a  vertical  or  nearly 
vertical  seat,  and  lifted  by  means  of  a  horizontal  spindle,  which  passes 
through  a  stuffing  in  the  side  of  the  valve-box,  having  inside  a  slotted  lever 
OODnected  by  a  pin  to  a  pair  of  lugs  on  the  back  of  the  valve,  and,  outside,  a 
hand  lever  for  controlling  the  valve. 

Bilge  Valves. — As  has  been  already  said,  too  much  care  cannot  be 
devoted  to  avoid  all  risk  of  flooding  the  ship  by  carelessness.  An  easy 
method  of  overooming  the  difficulty  in  the  case  of  pipes  not  greater  than 

'  The  Board  of  Trade  regnlatfona  referring  to  sea  coimMtiDiis  are  as  follows  :— 

187.  AQ  inlets  or  ontlete  in  the  bottom  or  side  of  a  vcoael  near  to,  at,  or  below  the 
deep-load  water  line  other  than  the  outlets  of  water-oloeet,  soil,  scupper,  lavatory  and 
urinal  pipes,  shanld  have  oocks  or  valves  fitted  between  Iho  pipes  and  the  ship's  side  or 
bottom  ;  such  oockg  or  valves  should  be  attoohed  to  the  skiu  of  the  ship,  and  be  so 
arranged  thst  they  can  be  easily  and  expeditiously  cmened  or  clofed  at  any  time  (  and 
the  oooks,  valves,  and  the  whole  length  of  the  pipes  should  be  acoeanble  at  all  times. 

Oocbs  or  valves  standing  ezoeptional  diatonoes  from  the  ship's  plating,  that  is  where 
tlie  necks  are  longer  than  is  neoessary  !or  makinir  the  joint,  shonld  not  be  paawd  withont 
the  sanction  of  the  Board  of  Trade,  and  one  condition  of  their  being  passed  is  that  they 
should  beniade  of  gnn-oketal  and  well  bracketed. 
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1  inche*  diuneter,  U  hj  meuii  of  the  Bwibcli  or  tliree-m;  oock — that  u,  A 
cock  h&vmg  two  ride  brancheB  and  a  hollow  plug  with  one  orifice  in  the 
sid«  and  the  other  in  the  bottom,  so  that  all  water  must  pass  by  waj  of  the 
bottom  and  one  aide  only  at  one  tim^  Snppose  that  an  auxiliary  engine  is 
required  to  draw  water  from  the  bilge  as  well  as  from  the  sea,  a  three-way 
oock  Bhonld  be  fitted  so  that  its  bottom  is  connected  to  the  pump  saotion, 
one  aide  branch  connected  to  the  sea  inlet,  uid  the  other  side  branch  to  the 
bilge  piping ;  it  will  then  be  easily  seen  that  the  two  branches  cannot  be 
connected  by  the  plug,  and  Donseqnently,  however  careless  the  engineer 
may  be,  water  oannot  paai  from  the  aea  to  the  bilges.  When,  owing  to  the 
largeness  of  the  piping,  a  cock  oannot  be  fitted,  non-return  valvea  shonld  be 
connected  to  the  tail  pipes  leading  to  the  bilg& 

Communloatlon  Bozos. — All  the  bilge  BDOtions,  and  all  ballast-tank 
BUctioQS,  shonld  be  led  to  a  oommunicatton  boa  placed  in  some  convenient 
position  in  the  engine-room,  above  the  level  of  the  flooring,  so  that  the 
requisite  changes  of  service  of  pnmping  may  be  easily  and  quickly  effected. 

The  oommunioation  box  (called  sometimes  a  "directing"  box)  oonsiats 
of  a  rectangnlar  chest  having  as  many  valves  in  it  as  there  are  pumping 
stations  or  parts  from  which  water  is  to  be  drawn ;  under  each  valve  is  a 
separate  tail,  to  wbich  the  suction  pipes  are  attached  ;  the  valves  themselves 
are  of  the  ordinary  mushroom  type,  non-return,  and  arranged  so  that  each 
may  be  shut  close  by  screwing  down  a  spindle  on  it.  The  box  cover  is  so 
fitted  by  hinge  bolts  as  to  be  easily  and  quickly  opened  for  examination, 
and  the  joint  made  again. 

To  the  upper  part  of  the  box  the  saotion  pipes  of  the  pumps  are  fitted, 
so  that  the  auxiliary  pumping  engines  and  engine  bilge-pumps  may  draw 
from  the  same  set  of  pipes.  Both  bilge-pumps  should  not  be  connected 
direct  to  one  box,  as  it  not  unfrequeatly  happens  that  it  is  required  to 
pomp  water  separately  from  two  compartments  at  the  same  Ume,  or  that 
one  of  the  bilge-pumps  may  be  required  when  no  sanitary  pump  is  fitted  to 
deliver  on  deck.  The  lid  of  the  oommunioation  box  should  have  inscribed 
legiblv  on  it  the  lead  of  each  valve. 

Bilge  Suction  Piping  is  sometimes  of  cast  iron  and  sometimes  of  lead,  but 
the  tails  leading  directly  into  the  bilge  shonld  be  of  iron  ;  cast  iron  is  now 
often  used  instead  of  lead  as  less  liable  to  damage,  but  it  cannot  be  so  easily 
cut  in  case  of  necessity.  The  Admiralty  require  all  tail  pipes  to  be  of 
gnlvaniaed  wrought  iron;  and  all  copper  piping  laid  in  the  bilges  to  be 
covered  with  waterproof  canvas  varnished  over,  and  otherwise  insulated  to 
avoid  deleterious  effects  on  the  ironwork  from  galvanic  action.  All  sttction 
pipes  to  the  bilge  should  fit  into  rose-boxes  of  iron  galvanised,  and  having 
an  aggregate  area  through  the  holes  at  least  twice  that  of  the  pipe.  The 
cover  of  the  box  should  be  hinged,  or  so  fitted  that  it  can  be  opened  and 
shut  again  very  quickly.  The  boxes  should  also  be  so  placed  as  to  be  easy 
of  access.  Bilge  pamp  suction  pipes  should  also  be  fitted  with  mud  traps, 
consisting  simply  of  a  cast-iron  box  with  a  strainer  and  Ud,  in  which  Ui6 
slight  cessation  of  flow  allows  the  deposit  of  the  heavy  dirt  carried  on  so  fiir 
with  the  water.  All  copper  or  brass-work  subject  to  the  action  of  bilge- 
water,  should  have  the  connections  made  with  bronae  bolts  and  suts.  Iron 
quickly  corrodes  unless  well  protected ;  and  Munte  metal  has  been  found 
to  decay  in  a  very  peculiar  way,  beooming  so  soft  as  to  cut  like  plumbago. 
Naval  brass,  which  is  Muntz  metal  improved  with  a  little  tin,  is  saitable 
for  this  purpose.    Every  care  should  be  taken  to  protect  the  metallic  snr- 
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&CM  from  the  oorroaive  action  of  bilge-w&ter,  a  good  coat  of  Portland 
oemeat  wash  ouaweriiig  even  better  than  paint  or  Tarnisli. 

When  it  is  required  to  pau  pipes,  eapeoiallj  copper  ones,  through  a 
watertight  bulthead,  a  good  plan  to  adopt  is  to  fit  a  short  length  of  oast 
bnua,  having  a  flange  at  each  end  to  connect  to  the  pipes  on  either  aide, 
and  a  collar  in  tlie  middle,  about  4  inches  larger  in  diameter  than  the 
flanges,  to  secure  it  to  the  bulkhead. 

If  pipes  are  likeljr  to  expand  coasiderablj,  or  to  be  in  snob  a  position 
that  the  working  of  tho  ship  in  a  seaway  would  affect  them,  it  is  belter  to 
pass  them  through  stuffing-boxes  in  the  bulkhead.  Very  small  pipes  can 
be  connected  hj  union  nuts  to  the  bulkhead  joint  above  described,  thereby 
decreasing  the  size  of  the  bole  to  be  cut  and  the  collar  for  closing  it. 

Aoxliiary  Pomps. — In  the  merchant  service,  in  small  ships,  one  donkey 
Bngine  ia  often  found  sufficient  for  all  purposes,  and  consequently  its  pipes 
should  be  so  arranged  tliat  it 
can  draw  water  from  the  aea, 
the  bilges,  and  the  hotwell; 
and  deliver  to  the  boilers, 
overboard,  and  to  the  deck. 
In  many  cases,  too,  this  donkey 
engine  is  fitted  to  pump  into 
the  condenser,  that  it  may  be 
charged  with  cold  water  before 
starting  the  engines.  In  the 
mercantile  marine,  as  in  the 
Navy,  it  is  now  very  general 
to  do  without  feed-  pumps 
worked  by  the  main  engines, 
•nd  to  hare  instead  one  or 
more  independent  pumpe  of 
the  Weir  type  devoted  solely 
to  feed  the  boilers,  and 
ftuother  or  auxiliary  pump  of 
the  same  or  of  the  "  Duplex" 
type  as  a  reserve  for  the  same 
service,  and  delivering  sea  or 
reserve  water  on  deck.  In 
addition  to  these  is  a  fourth 
Auxiliary  pump  of  either  type, 
arranged  to  draw  from  the 
■ea,    bilges,    or    tanks,    and 

deliver  on  deck  or  overboard.  Fig.  122.— Pearn'a  Double  Ram  Feed  Pump. 

Id    large     eteamers     having 

■capacious  water  ballast  tanks,  a  fifth  pump  for  the  purpoBo  of  emptying 
these  tanks  is  very  generally  supplied ;  it  is  also  so  arranged  as  to  do 
'duty  as  a  bilge  pump,  and  delivers  overboard  only.  In  all  ships  it  is 
-a  great  convenience  to  have  an  ejector  from  1^  to  2J  inches  to  k^ep 
the  bilges  quite  clear  of  water  with  the  least  trouble.  In  the  Navy 
there  ia  always  a  multiplicity  of  donkey  engines;  four  for  supplying  the 
boilers  only;  and  two  others,  called  usually  the  fire  engines,  pump  from 
the  sea  to  the  deck;  and  two  more  arranged  to  draw  from  the  billies 
■overboard.     Latterly  a  pump  has  been  fitted  in  each  engine  room  of  naval 
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■hips  to  Ann  wftter  from  the  hot-w«U  utd  deliver  to  the  feed  tanks.  If 
theae  pnmiM  were  arr&nged  to  dnin  the  coodeaaera  of  water  and  deliver 
to  the  feea  tanks,  a  better  end  wonid  be  attained,  as  the  air-pnmpt  would 
be  relieved  njS  the  liability  to  strain  from  being  glutted  with  water;  they 
would  also  prevent 
aocamulations  of  water. 
In  addition  to  the 
donkey  engines  there  is 
osuatlj  a  hand  pamp, 
which,  in  the  Navy  ^nd 
large  merchant  ships,  is 
Bo  arranged  that  it  can 
be  worked  from  the 
main  engines,  and  baa 
pipes,  Ac,  fitted,  that 
It  may  do  the  same 
duties  as  the  donkey 
engines;  and  in  the 
Navy,  in  addition  to 
this,  the  boilers  can  be 
emptied  by  it,  instead 
of  being  "  blown  down." 
The  Board  of  Trade 
require  that  one  of  the 
bilge-pomps  shall  be  ho 
fitted  that  it  can  pump 
water  on  deck  in  ease 
of  fire. 

The  engine-room 
pnmps  should  have  the 
oeoesaary  piping,  valves, 
&0.,  that  water  may  be 
drawn  from  each  hold 
or  comppirtment  separ- 
ately, Irom  each  side  of 
the  engine  and  boiler 
rooms,  and  from  any 
other  part  of  tht  ship 
liable  to  leakage  or 
lodgment  of  water. 

In  addition  to   the 

above-mentioned  means 

of  freeing  the  ship  from 

water,    it    is  usual    to 

have  a  bilge  suction,  so 

that     the      circulatiDg 

pump  may  be  Qtilisad. 

The  chief  danger  to  bs 

apprehended  when  the 

circulating  pump  draws  from  the  bilge  is,  that  in  cases  of  flooding  of  the 

enff  ne  compartment,  the  small  coal  is  waahnd  out  of  the  bunkers,  and  soon 

chokes  the  condenser  tubes  m  well  as  the  pumps  themselves,  anleas  tka 
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rocebozda  h&Ts  sufficiently  small  boles  to  prevent  it;  and  when  the  rose- 
box  holes  ore  so  am&ll  m  to  prevent  small  coal  passing  through  them, 
thej  soon  ohoke,  and  render  the  pnmps  nselesa  for  the  time.  With  a 
centrifugal  circulating  pnmp  there  is  no  danger  of  the  pump  choking  or 
gftting  out  of  order,  and  bj  having  a  direct  discharge  overboard,  the  ood- 
denser  cannot  get  choked. 

Donkey  Pumps  are  now  usually  of  the  direct  type — that  is,  the  steam 
piston  is  connected  direct  to  the  water  piston,  and  works  withont  the  inter- 
vention of  a  crank-shaft  and  flywheeL  The  steam  distributing  valve  of 
these  pumps  is  generally  made  to  t«oiproo»te  by  steam  pressure  acting  on 
its  enas  alternately,  and  is  known  as  a  thuttU  valve;  the  steam  to  ita  ends 
ia  regnlated  by  a  small  auxiliary  valve  operated  by  the  pumprod  or  the 
steam  piston  itself.  The  mechanical  efficiency  of  such  pumps,  owing  chiefly 
to  the  absence  of  gear,  is  naturally  very  high,  and  in  great  measure  compen- 
sates for  the  low  steam  efficiency  due  to  the  cUt-off  being  at  or  near  the  end 
of  the  stroke.  In  fact,  the  combined  efficiency  of  some  of  these  pumps 
having  very  long  strokes  is  remarkable.  Their  maker,  however,  admits 
that  a  saving  of  20  per  cent,  is  effected  by  compounding  with  tandem 
cylinders.  The  earliest  of  these  direct  pumps  had  only  a  single  steam 
(yliuHer  and  one  double-acting  pump;  the  small  valves  influencing  the 
shuttle  were  moved  by  contact  with  the  cylinder  ends,  and  cushioning  was 
effpcted  by  the  piston  closing  the  exhaust  port  before  the  end  of  the  stroke, 
steam  being  admitted  b;  a  separate  port,  which  was  closed  by  the  shuttle 
Talve  when  exhausting.  The  pumps  had  and  have  the  merit  of  always 
making  the  full  stroke  and  being  cheap.  Mr.  Weir  introduced  his  pnmp 
about  25  years  ago,  placed  vertically,  instead  of  horizontally,  as  the  others 
had  bepu  ;  the  shuttle  valve  of  his  steam  cylinder  had,  however,  a  horiiontal 
movement,  its  inflaencing  valve  having  a  vertical  movement  imparted  to  it 
by  a  lever,  connected  to  the  piston-rod ;  since  then  he  has  improved  and 
perfected  it,  so  that  it  has  the  confldence  and  good  opinion  of  all  sea-going 
engineers.  Other  makers  have  followed  Mr.  Weir  in  placing  on  the  market 
somewhat  similar  pumps,  differing  only  in  details.  The  now  well-known 
Wortbington  pump  of  American  origin  consists  of  two  sets  of  cylindera  and 
pumps  direct,  driven  and  placed  side  by  side,  so  that  the  steam  valve  of 
one  can  be  operated  by  a  lever  moved  by  the  other,  the  valve  in  this  case 
being  of  the  ordinary  kind ;  when  in  good  order  and  properly  set  nothing 
can  be  more  admirable  than  the  way  in  which  this  pump  works.  If,  how- 
ever, the  adjustments  have  been  carelessly  made,  or  the  wear  of  packings, 
Ac,  has  been  nneven,  the  pumps  do  not  always  make  the  full  strokes. 
Fig.  123  shows  a  vertical  pump  of  the  Wortbington  type  having  means  for 
adjusting  the  packing  of  the  pump  plungers  while  the  pnmp  is  working, 
thereby  maintaining  its  efficiency  without  putting  it  out  of  service ;  this 
ingenious  method  is  the  invention  of  Mr.  Frank  Peam,  whose  double  pnmps 
(fig.  122)  with  crank  and  flywheel  are  perhaps  the  best  of  that  type  In  the 
market,  and  whose  single  pumps  of  wall  type  are  such  favourites  for  feeding 
small  boilers.  Auxiliary  pumps  should  have  bronze  water  ends  and 
fittings,  the  plungers  or  pistons  packed  with  ebonito  or  woodite,  the  rod  of 
rolled  hronze  of  best  quality,  for  standing  shock,  and  the  valves  small  and 
numerous  so  se  to  give  the  maximum  amount  of  perimetrical  opening 
with  small  lift ;  they  also  must  be  made  of  a  bronze  that  will  withstand 
continuous  shock,  and,  by  preference,  machined  from  rolled  or  forged  rod. 

Ipjecton  for  feeding  marine  boilers  have  not  so  far  been  looked  on  with 
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tftTOur ;  whj,  u  not  ftpp«rent,  for  they  return  to  th«  boiler  all  the  iteMA 
tfaej  tdce,  »nd  oonaequently  their  efficienoy  i>  bigh,  Mid  they  oertMoly  Are 
eoBTenient  and  omj  to  oie  for  Buppl]rii>g  lea-wiiter  or  oold  w»ter  from 
reaerve  tanks. 


■o  that 
may 


Fig.  121 

Water  Senloe. — An  amn^ment  of  water  serrioe  ia  made  in  every  ifaip, 
that  water  can  be  applied  to  all  bearings  and  slides,  and  also  that  a  hose 
"  *"  """^  '"  case  of  fire  or  any  other  emergency.    This  generally  oonsista 
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of  a  main  pipe  from  a  sea-cock  leading  into  a  convenient  position,  and 
having  branchea  with  a  stand-pipe  and  brackets  at  each  main  bearing, 
crank-pin,  and  group  of  eccentrics.  The  water  for  the  tunnel-bearines  and 
thrust-bearing  is  usually  taken  from  the  inside  of  the  stera-tube,  thereby 
serving  the  additional  purpose  of  circulation  in  the  tube. 


Fig.  12B.— Weir'e  D.  A.  Feed  Pumps,  with  Float  Tank  and  Automatic  «8»r. 

ExnuiBlon  JdntB— Great  care  should  be  taken  that  all  i.ipes  conveying 

hot  water  or  ste«m,  and  thereby  liable  to  great  change  of  teniperaiuri-, 

should  have  provision  made  for  the  consequent  exi>an»ion.      h-spansion 

joiata  Of  »U  kinds  are,  however,  objectionable  on  one  or  two  grounds,  and 
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thereTore  sbonld  be  KVoid«d  unless  abaolutelj  neoMsary.  If  bhuU  pipes 
have  bends  between  tli«  rigid  oonnections,  the  expuuion  is  allowed  for  bf 
tbe  increase  in  their  eurvature ;  but  in  all  large  pipes,  and  wherever  the 
bends  are  bnt  very  slight,  espa&SLon  joints  should  be  fitted,  for  very  serioos 
accidents  hare  ocourred  in  consequence  of  their  abseooe.  When  the  length 
of  piping  to  undergo  expansion  is  not  great,  the  ordinar;  bellows  joint  is 
preferable,  as  being  free  from  an;  liability  to  leak ;  but  when  the  expansion 
is  Terjr  great  an  ordiDary  stuffing-box  and  gland,  or  Fawcett  joint,  must  be 
resorted  to.  This  Utter  should  be  avoided  for  exhaust  pipes  to  a  oondeoser, 
as  they  are  very  liable  in  this  case  to  leakage  which  is  not  easy  to  detect. 
A  thick  india-rubber  jointing  ring  will  generally  serve  this  purpose  with 
eduction  pipes ;  in  the  case  of  large  ones  this  may  be  2  inches  thick. 

Again,  in  ships  of  light  construction,  which  undergo  a  considerable 
amount  of  racking  in  a  sea-way,  no  length  of  pipes  should  be  without  some 
provision  for  expansion  and  contraction,  and  all  extra  rigidity  should  be 
avoided,  that  they  meet  tbe  changes  in  ship.  Great  care  should  be  taken  to 
provide  means  for  resisting  tbe  thrust  of  pipes  which  are  subject  to  internal 
pressure  or  heat,  otherwise  the  joints  are  severely  strained,  and  the  connec- 
tioa  of  pipe  to  flange  and  of  valve-box  to  boiler  in  danger  of  destruction. 
This  is  the  more  necessary  when  bends  are  expected  to  do  dnty  for 
expansion-boxes,  &o. 

Safety  Collars. — It  hu  sometimes  happened  that  pipes  have  blown  out  of 
a  Fawcett  joint,  owing  to  there  being  a  bend  near  it  on  which  the  steam 
pressure  acted ;  in  all  cases  of  this  kind  a  collar  should  be  braxed  to  the 
pipe,  not  leas  than  18  inches  from  the  bend,  through  which  bolts  pass  con- 
necting it  to  the  flange  of  the  stuffing-box  on  the  other  pipe,  that  it  may 
not  draw  out. 

Flangei, — Few  things  look  worse  in  an  engine-room  than  heavy  broad 
flanges  to  the  copper  pipes,  especially  as  they  are  quite  unnecessary.  The 
breadth  of  the  flange  need  not  exceed  three  times  the  diameter  of  the  bolts 
through  it,  and  its  thickness  should  equal  the  diameter  of  the  bolts.  The 
pitch  of  the  bolts  should  be  from  four  to  six  times  their  diameter,  depending 
on  the  steam  pressure. 

Tbe  Admiralty  require  all  copper  pipes  to  be  in  accordance  with  a 
graduated  scale. 

Table  xxiiu  (p.  349)  has  been  drawn  up  as  a  general  rule  indicating 
the  best  thickness  of  pipes  for  various  pressures  and  purposes,  and  may  be 
taken  as  giving  thoroughly  reliable  strengths  for  all  ordinary  marine  work. 

In  the  merchant  servioe  the  main  steam  pipes,  when  of  oopper,  are 
usually  from  No.  1  to  4  B.W.Q.  thick,  depending  on  their  diameter  and  the 
pressure  to  which  they  are  exposed. 

Board  or  Tradk  Kitles  roB  Pipes. 
117.  The  working  pressure  of  well  made  copper  pipes  when  tiie  joints 
are  brazed  is  found  by  the  fallowing  formula  : — 

6000  X  fT  -  ,4) 

I  working  pressure ; 


"TT 


T  ■>  thickness  in  inches ; 

D  —  inside  diameter  in  inches. 

Coot^lc 


When  iite  pipes  are  solid  drawn  and  Dot  orer  10  inohefl  diuneter,  snbsti- 
tnte  in  the  foregoing  formuU  -^  for  ^^ 

118.  The  internal  preunra  on  wrought-iron  pipe*  made  of  good  material, 
which  are  lap-welded  and  are  a  aotrnd  job,  may  be  determined  b^  the 
following  finmnU,  provided  that  the  tbiokneas  is  not  Imi  than  ^inoh; — 

T  ■•  thiokneea  in  inches ; 

I>  »  diameter  inside  in  inches ; 

6000  X  T  . . 

zT =  working  pressnre. 

119.  Peed  pipes  sbonld  be  made  sufficient  for  a  prestare  30  per  cent  in 
•xoess  of  the  boiler  pressure. 

TABLE  XXm.— Thioknbss  of  Coppbb  Pipbb  (L.S.a.). 
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ITaed  diaoha^a  pipM  to  be  ma  ■taain  pipas  for  SO  per  obdI.  bi^wF  prawiirc ;  bat  in 
-le  to  be  token  lower  then  120  Iba. 


Reoeiver  pipea  to  be  m  etaem  pipea  for  h»lf  the  teat  preaaiiTe  ol  tlM  cylinder  to 

ih  they  lead  iteam  ;  but  in  no  oaae  to  be  taken  lower  than  BO  Iba. 

nie  abore  gangea  rafar  to  itraigbt  pipaa  onlj ;  banda  to  be  Boifa^y  atnogtbaoed. 


It  ii  ft  Twcj  oommon  pnotioe  to  mak«  pipM  of  the  aame  thioknssB,  whkt- 
«Ter  be  th«ir  am,  for  the  sftin«  Mrvim.  No  doubt,  for  large  eDgioes,  theso 
thiokneuei  ftra  not  exoeuiv* ;  bat  when  a  pipn  2  inchea  in  diameter,  to 
withatutd  ^e  aame  preasure  u  one  of  8  incbei,  i>  made  of  the  same  thick* 
neu,  Uiere  aeemi  an  absenca  of  reaaon. 

The  Admiralty  ipecifications  allow  of  steel  pipes  being  used  rery  fntHj 
for  steam  pif^ea,  the  smaller  ones  being  solid  drawn,  and  the  larger  ones 
welded  and  fitted  with  a  riveted  cover  strap  on  the  weld  outside.  The 
flanges  are  generally  riveted  on. 

In  the  merchant  ierrice  cast  iron  is  used  for  large  pipes  convejiag  water 
and  exhanat  steam,  and  occasionally  for  the  main  steam  and  feed  pipe*,  and 
where  cost  and  stifinesa  are  of  more  consideration  than  weight,  they  may  be 
used  with  advantage,  bat  although  there  seems  an  element  of  danger  in  them, 
experience  has  proved  them  to  be  reliable  and  safe  with  even  high  presaarea 
of  steam.  With  the  higher  ateam  pressures,  however,  this  material  haa  been 
dropped  for  ateam  and  feed  pipea,  and  solid  drawn  steel  or  welded  wrought 
iron  substituted.  The  flanges  are  sometimes  riveted  and  sometimes  brazed 
or  screwed.  Heaars.  Howell,  of  Sheffield,  have  made  some  pipea  with 
flanges  in  one  piece  by  an  ingenioui  system  of  press. 

The  joints  of  all  pipes  should  be  in  each  positions  that  they  are  es 
access.  ! 

Aazlllary  Maflhtnery. — Moat  ship*  nowadays  (both  laree  and  small)  i 

besides  donkey  pumps,  other  auxiliary  engines  requiring  nie  attention  I 

engineer,  although  some  of  them  are  never  placed  in  the  engine-rooc         | 
others  (altboagh  better  there)  are  not  always  so  placed.  > 

Eloctric  Lighting  is  most  suitable  for  shipboard  aa  being  both  conveni. 
to  Bt  and  economical  in  upkeep.  Aa  with  the  feed  donkey,  so  with  this,  t. 
is  highly  desirable  that  it  give  aa  little  trouble  and  anxiety  to  the  engineer 
as  possible.  To  this  end  the  dynamoa  should  be  direct  driven  by  an  enclosed 
engine  having  forced  lubrication,  as  introduced  and  perfected  by  Messrs. 
Belliss  &  Morcom,  Birmingham.  A  two-crank  compound  engine  with  one 
central  valve  as  mode  by  this  firm,  as  shown  in  fig.  126,  is  the  moat  snitable 
for  ship  purposes  up  to  260  I.H.F.  For  larger  powers  triple^ompound 
engines  are  made  by  this  firm,  and  for  small  ships  single-crank  compoands 
with  tandem  cylinders  answer  very  well.  Fig.  126a  is  the  open  type  as  made 
for  H.M.  service  until  recently,  when  the  enclosed  was  adopted.  Except 
in  very  small  ships  it  is  highly  desirable  to  have  two  sets  of  engines  and 
dynamos,  each  of  which  is  capable  of  giving  at  least  two-thirds  of  the  total 
output  required  at  any  one  time.  In  larger  ships  even  three  suoh  seta  may, 
with  advantage,  be  adopted,  so  that  there  is  always  one  set  in  reserve  for 
any  contingency.  In  H.M.  ships  there  are  usually  two  sets  quite  inde- 
pendent  of  one  another  for  lighting  only ;  one  for  fighting  service  and  one 
for  general  use. 

When  power  is  distributed  by  electrical  means  for  driving  cranes, 
winches,  windlass  and  capstans,  turrets,  and  unxiliary  machinery  gene- 
rally, there  should  be  two  sets  of  generating  plant,  each  capable  of  giving 
at  least  two-thirds  the  maximum  output.      For  beating  purposes  eiectrio 
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snergy  bai  been  nied  on  ihipboKrd  and  found  to  be  most  oonvonisat.  If 
only  a  moderate  amoaot  of  heating  is  required,  this  method  ia  a  aatiafaotorj 
one,  but  for  ver^  cold  climates  the  lame  cannot  be  said,  partly  because  the 
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expeoM  ia  gnt.t,  bat  ohiefl;  on  aoooant  of  the  invisifaillty  of  tlia  m 
beat  affecting  the  uiuibility  of  those  r«]uiring  wftnnth. 


Fig.  120a.— Bleotrie  light  Engine  [Admiralty  Open  Type  Componn^. 

Steam  Steering  Qeare,  now  so  indiBpenBable  on  ateamehips  of  high  power 
or  large  aiza,  and  so  convenient  on  ships  of  all  sizes,  are  fitted  to  even  quite 
small  steamers.  Fig.  127  is  a  typical  form  of  the  gears  now  fitted,  which 
have  all  developed  ont  of  that  first  and  most  ingenioos  design  of  Mr. 
MacfarUne  Gray  for  steering  the  "  Qreat  Eastern  "  in  1868.  These  gears 
are  o^n  fitted  in  odd  places  on  or  about  the  bridge — sometimes  in  the 
chart-room  and  sometimes  in  a  box  to  themselves.  In  the  Navy  they  are 
now  in  or  near  the  engine-room,  where  they  can  and  do  receive  the  atten- 
tion of  greasers  on  watch.  In  the  mercantile  marine  they  are  often,  and 
should  be  always,  similarlT  situated.  Broion'i  atsering  gear  (fig.  12Ta)  and 
telemotor  connection  to  the  steering  station^  differs  from  all  other  gears, 
inasmuch  as  the  engine,  kc,  is  placed  on  the  tiller  or  quadrant,  and  moves 
it  by  gearing,  &c.,  fitted  in  the  tisnal  way.  The  differential  valve  gear  is 
operated  by  a  small  hydraulic  cylinder  piston,  piaton-rod,  £&,  which  pistoa 
gets  its  motion  by  preasare  from  the  movement  of  a  similar  piston  in  a 
cylinder  in  the  steering  station,  the  fluid  presenre  being  conveyed  by  small 
copper  pipes ;  the  fluid  itself  is  glycerine  or  a  solution  of  glycerine  which 
will  not  &eese. 
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Deto^Uon  of  Brovn'B  Patent  Steain  TUler.— Tb«  importance  of  fitting 
ataamBhipB,  whether  of  high  or  lov  speed,  with  abMlatsly  reliable  ■toering 
geftr  caDDot  be  ovemted  ;  but  in  manj  cases  commercial  considerations  ar« 
allowed  to  weigh  in  the  design  of  this  vital  adjunct  to  a  steamer's  equip- 
ment, and  a  large  proportion  of  the  damage  and  losses  at  sea  are  attribnted 
to  the  ineffioiencj  or  weakness  of  such  gear.  By  far  the  greatest  number  of 
steamships  bare  their  steering  engines  placed  near  the  bridge,  the  oommnni' 
cation  being  made  with  the  quadrant  aft  by  means  of  chains,  rods,  or  wire 
ropes,  with  or  withont  spring  buffers  to  take  off  the  shock  of  a  heavj  sea. 
In  conjunction  with  this,  band  gear  is  fitted  aft,  having  double  screws  with 
nnts  and  oross-hmd,  the  mode  of  connection  being  hj  pins  dropping  into 


Fig.  1S7,— Ordinaiy  Merchant  Ship  Steam  Steering  Gear  (AUej  ft  M'Leilan'a). 

connecting  links,  or  by  a  clutch  working  on  the  rudder-head  and  engaging 
the  cross-head.  The  trouble  involved  in  keeping  these  steering  ropes  or 
rods  properly  adjusted  and  the  various  pulleys  properly  oiled,  as  well  as 
danger  arising  from  the  ropes  being  carried  away,  has  brought  about  a 
change  in  more  recent  applications  of  steering  gear.  The  steering  engine 
is  placed  aft,  being  ooupled  by  right-  and  left-hand  screws,  and  in  a  variety 
of  other  ways,  direct  to  the  rudder-bead;  oommunication  from  the  steering 
valve  being  made  by  a  line  of  shafting  to  the  bridge,  thus  dispensing  with 
the  objectionable  rope  or  rod  communication,  which  is,  in  the  firBt.men- 
tioned  system,  subjected  to  the  full  rudder  strains. 

An  ideally  perfect  steering  gear  should  fulfil  the  following  conditions: — 
1.  The  steering  engine  should  l>e  attached  to  the  mdder-head  withont 
the  intervention  of  chains  or  ropes. 

23 
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3.  It  ahonld  let  go  the  rudder  when  andaly  atrained,  and,  vhen  tite 
abuormal  atndn  liaa  gone,  return  antomatically  to  ita  former  poaition. 

3.  The  oonneotion  from  ateam  to  hand  gear,  and  vioe  vend,  ahoatd  be 
affected  withoot  the  nae  of  jaw  olntchea  or  the  ahipping  of  bolta  into  holes 
— which  operatioDB  are  difficult  to  effect  when  the  ahip  ia  rolling  at  sea 
with  the  rudder  adrift. 

i.  The  oommanicatioD  from  the  bridge  to  the  machinerj  aft  ahoutd  be 
of  a  kind  which  diapeuaea  with  rods,  chaina,  and  shafting,  all  being  equally 
tronbleeome  to  the  ahipbailder  to  arrange,  and  to  the  officera  of  the  ahip  to 
keepin  order. 

With  reference  to  oondltion  3,  it  is  a  common  practice  to  fit  rudder 
brakea  on  ahipa  where  clutchei  are  the  means  of  oo&neotion;  bat  as 
aimpHcit;  and  fewness  of  jiarta  are  of  first  importance  in  ateering  gaar,  it 
ia  belter  that  such  a  oonoeotion  between  the  steering  engine  and  th«  rudder, 
or  the  hand  gear  and  the  rudder,  ahonld  be  one  which  will  act  both  aa  a 
clutch  and  a  brake. 

To  meet  tbeae  oooditiona  aa  far  as  poasible,  the  steam  tiller  haa  been 
designed.  In  the  following  drawing  (fig.  127a)  an  elevation  with  hand 
ateering  gear  and  plan  are  ^own. 

The  promineot  fe&ture  of  this  gear,  in  which  it  diffsra  from  all  others,  is  that 
adTSDtsge  ii  taken  of  as  long  &  lover  u  will  reidi  from  the  niddar-head  to  the  Unuta 
of  the  poop  deck,  wbiob,  in  Uie  grMteet  munber  of  (hipa,  varies  from  7  to  10  feet,  and 
in  the  UTgeet  class  of  vessels  has  reached  the  length  of  17  feet.  It  will  be  obvious  that 
the  strains  at  the  end  of  such  a  lever  will  be  reduoed  to  the  smalleat  possible  amoont, 
and  that  t^e  gear  neoeasarj  to  give  the  requisite  power  to  steering  the  ship  will  be  of 
the  Bimpleat  form. 

This  tiller  ii  shown  in  fig.  127a,  A,  ke^ed  to  the  rodder-head,  B,  and  at  the  otiier 
end  a  jaw,  0,  is  fitted  with  gun-metal  beannn,  into  which  a  driving  pinion,  D,  wot^a, 
gearing  into  the  toothed  segment,  B,  which  is  Dolted  seonrel;  to  the  deck.  The  steering 
eogines  are  oarried  od  the  tiller  and  move  round  with  it,  receiviDg  and  exhaosting  tbeir 


m  cylindere,  6,  are  of  the 
tion  is  aonuQamoaUd  to 
the  pinion,  D,  which  is  of  cast  steel,  through  the  intervention  of  an  expanding  friction 
olntob,  H,  which  ia  lined  with  elm  wood,  and  engagee  the  worm-wheel,  I.  This  wheal, 
to  reduce  friction,  is  carefuUjr  machined  in  the  toeth,  and  made  an  exact  fit  to  the 
worm,  J,  which  is  of  Admiralty  gun-metal,  and  works  in  the  worm-wheel  without  anj 
hack-lash  or  shake,  The  worm  la  also  onrved  to  the  radius  of  the  wheel  so  that  Ume 
teeth  are  engaged,  thus  prolonging  the  life  of  the  gearing  bf  three  times  that  of  a 

Motion  ia  given  to  this  worm  b;  Uie  aleam  en^e  aa  shown.  The  oluteh,  H,  ii 
expanded  hy  a  eorew  bolt  and  worm-wheel,  K,  which  turns  in  uid  out  <rf  the  nut,  L,  at 
one  end,  the  other  abutting  against  a  series  of  laminated  springs,  M,  so  that  bv  taming 
the  worm,  N,  bj  a  handle  (provided  for  the  pnrpoee]  to  the  right  at  left,  the  staaio 
gear  ia  engaged  or  diseDsaged  at  any  position  the  rudder  may  be  in,  and  at  the  same 
time  it  forma  an  effioient  Drake  to  seiae  hold  of  the  rudder  in  a  seaway.  In  practice  it 
is  usual  to  expand  this  friction  brake  or  clutch  sufflojentlj  tight  to  pat  the  mddiU'  hinl 
over  at  fnll'Speed  trials  ;  but  the  sprinss  in  any  case  have  not  sumoient  foroe  to  hold 
the  connection  tight  enonsh  to  oanse  naoture  of  any  part  of  the  machinery.  In  the 
event  of  a  heavy  sea  strikiog  the  mdder,  it  immediately  slips,  allowing  the  rudder  to 
move  out  of  position ;  bot  by  that  act  the  steam  valve  is  opened  and  the  eoginea  bring 
the  rudder  baofc  to  ita  normal  place.  As  the  Bl«am  tiller  is  intended  to  work  (and  in 
most  oasea  has  been  so  fitted)  on  the  open  deck,  without  any  boose,  the  whole  of  the 
machinery  ia  placed  in  a  water-tight  oaamg,  which  forms  tbe  rrameworii  of  the  steering 
^ginee,  sooeas  to  which  is  got  by  the  doors,  0  O.  The  oiling  of  the  vorions  parts  is 
elected  automatioally  by  two  valvelees  oil  pumpe,  P  P,  driven  off  the  valve  rods  of  the 
engine.  These  throw  the  oil  from  a  well  in  tbe  bottom  of  the  coeing  through  tbe  hoUow 
piston'rod  into  the  reservoir,  Q,  and  from  tlien  a  oopions  supply  of  oil  is  supplied  to 
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Fig.  )27<i-— Browa'i  Sleam  Stoering  Gmt. 
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OTsry  Torking  part,  ■■  well  aa  the  piatoa  and  valve-rods.  Id  actual  pnotioe  the  ml  ta 
renewed  oooe  io  tkree  mralha.  about  3  gaUona  being  required. 

The  pinion  eod  of  the  tiUer  it  oamed  ap  hy  gun-metal  tlipperB  and  spiral  aprings 
under  the  Ingi,  R  R,  which  are  capable  of  adjuatment.  Aa  there  ia  alwayi  a  toMenc}' 
of  the  tiller  or  quadnnt  to  ahake  or  chatter  when  there  ia  no  atraia  on,  the  rudder  beiDg 
tore  and  aft,  the  abpp«n  in  that  poaition  work  upon  inclined  [danea,  S  8,  whioh  givoa 
aufficient  brake  actimi  to  prevent  any  vibration.  At  the  Bame  time,  when  putting  the 
helm  over  to  auch  an  eite  it  that  the  pinion  bears  hard  on  the  rack,  the  ilippere  ran 
down  OD  to  the  flat  part  of  the  toothed  segment,  when  the  apringa  alaok  <uBr  and  oiily 
earn' op  the  weight  td  that  end  of  the  tiller. 

The  hand  gear  oradata  of  a  strong  standard,  T,  bolted  to  the  deck,  and  oarrTing  an 
exactly  simiUr  worm-wheel,  and  worm  with  hand-wheels  and  friction  olnt^  as  that 
deaoribed  in  the  ateam  gear.  At  the  bwer  end  of  the  shaft  there  is  a  similar  pinion  to 
D,  which  engagea  the  toothed  Mament,  U,  of  cast  steel,  which  ia  seourelv  bolted  to  th« 
ateam  tiller.  The  operation  in  cKan^ng  from  hand  t«  steam  ar  steam  to  band  bjr  neans 
of  these  olntch  brakea  can  be,  and  naa  be^i,  perfmrned,  without  an;  nndue  haste,  in 
half  a  minute.  It  may  here  be  pointed  out  that  the  result  of  actual  expecienoe  u 
that,  with  this  sjrstem  of  hand  gear,  the  friction  is  one-third  of  that  of  the  doubla 
screw  system  with  nuts  and  oooneating.rtNla  to  a  croaa-head  oo  Uie  mdder-head. 
Therefore  one  man  on  the  worm-wheel  gear  ii  as  efleotive  aa  three  on  Uie  doubla 

The  hand  wheel*,  it  will  be  obaerved,  an  set  to  one  aide  of  the  centra  line,  whi<^ 
eocoomisee  space  fore  and  aft,  and  brings  the  poaition  of  the  man  (tearing  immediately 
opposite  theoompasa. 

The  steering  valve  is  operated  by  the  lever,  V,  which  causes  the  piston  valve  to 
turn  OD  its  axis  inside  the  trunnion  oasing,  and  as  the  tiller  moves  round  it  oarriea  Um 
valve  face  with  it  and  so  oloeea  the  port.     The  lever,  V,  i  '    '  ' 


is  claimed  for  this  design  of  steering  gear  that  it  has  the  fewest 
uuwuuie — namely,  one  pinion,  one  worm-whml  and  wo  ~*'  '    '' 

IS  due  to  the  fact  that  the  toothed  segment  represents 
20  feet  in  diameter,  and  this  rack  being  ihronded  to  the  point*  of  the  teeth  aaS  bolted 
at  short  intervals  to  the  steel  deck,  ia  extremely  •eoure. 

From  ft  oommaroial  point  of  view,  thei«  u  a  distmot  saving  in  the 
adoption  of  auoh  a  deaign,  as  no  space  ia  Teqnired  for  a  steering  engine 
amidships,  and  no  house  is  required  aft— a  few  stanchions  and  rods  or 
netting  being  placed  at  the  extremity  of  the  gear  for  the  protection  of 
passengers. 

Aoxiliiiy  Condeneer. — In  these  days  of  high  preisarea  of  steam  when  &esh 
water  only  mast  be  need  in  steam  generators,  it  is  essential  to  save  all  the 
steam  possible,  and  as  large  quantities  are  nsed  by  the  anxiliary  machinery 
in  modem  steamers,  it  is  worth  while  having  a  special  condenser  for  this 
purpose.  In  the  mercantile  marine  it  is  generally  ealled  a  winah  oondtnter, 
aa  priroarily  it  was  fitted  to  take  the  exhaust  steam  from  the  winches  and 
return  it  to  the  auxiliary  or  donkey  bailer  supplying  them.  These  con- 
densers in  the  Navy  are  similar  in  design  and  construction  to  the  main 
condenser,  bnt  of  course  much  smaller ;  a  combined  air  and  oirculating  pump 
is  attached  and  kept  working,  when  in  use,  at  a  constant  speed;  an  automatic 
regulating  valve  can  be  fitted  in  such  a  way  that  as  the  vacuum  improves 
steam  is  reduced,  and,  when  21  inches  of  vaonnm  is  obtained,  the  engine 
goes  "  dead  "  alow. 

Fig.  128  gives  a  good  arrangement  for  the  mercantUe  marine  which  may 
be  placed  in  any  convenient  position  in  engine  or  boiler  room,  as  it  is  self- 
contained.  Sometimes  in  the  mercantile  marine  a  simple  cylindrical  oon- 
denser,  aa  in  fig.  128,  is  fitted  so  that  the  ballast  pump  supplies  circulating 
water,  and  one  of  the  auxiliary  feeJ-pumpa  draws  away  th«  condensed 
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vater;  in  this  caae  little  or  no  vacaara  is  m&iatained,  but  no  water  ia  loBt. 
la  «Terj-day  work  the  wiooh  and  other  auxiliary  engine  glands  and  drain 
cocks  leak  so  badly  that  only  a  very  poor  vaovom  is  possible  with  even  a 
good-sized  air-pump. 


Fiji,  128.— Wiach  CoiideiiMr,  oomplete,  with  Air  and  Oiimilatiiig  Pumps. 
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CHAPTER  XV IL 

BOILKBB,   FUEL,    Ra,    ■TAPOKATtOIT. 


Thi  boiler  proper  oonnati  MMBtUUf  of  two  Mrta  ;  th«  one  the  flre-plkoa  in 
wbjob  the  fuel  ii  bamt  and  heat  generated,  the  other  in  which  tiie  boat 
ia  applied  to  boil  the  water  and  ooDvert  it  into  steam. 

The  part  where  the  fuel  is  bamt  is  oalled  thnjurnaee,  and  that  on  whioh 
it  is  laid  is  called  ibe  grote. 

The  quantity  of  steam  generated  will  depend,  in  the  fint  plaoe,  on  thtt 
qaalitf  of  the  fuel,  and  on  the  quantity  bamt;  and  in  the  aecond  plaoe  on 
the  capacity  of  the  boiler  for  absorbing  and  tranomitting  the  heat  generated. 
The  quantity  of  fuel  oonaumed  depends  on  the  area  of  grate,  and  the  draught 
or  flow  of  air  into  the  furnace. 

The  ^gidenoji  of  the  furnace  depends  on  ita  capability  of  burning  with  aa 
little  waste  as  possible  the  whole  of  the  fnel  in  it,  and  that  wiUiont  super- 
fluity of  air ;  also,  to  produce  perfect  combustioa  there  must  be  as  little 
waste  of  heat  as  possible  in  obtaining  the  necessary  draught.  The  portion 
of  beat  generated  which  ia  applied  to  the  produotoon  of  steam  is  called  the 
aoaiUMeheat. 

Every-day  experience  proves  that  a  grate  may  consume  a  large  quantity 
of  fuel  without  thorougbly  burning  it,  and  that  even  when  the  fuel  ia 
thoroughly  burnt  only  a  comparatively  small  portion  of  its  heat  may  be 
usefully  employed. 

The  ohief  loss  is  at  the  ohimney,  whioh  is  a  rough  and  ready  way  of 
inducing  the  air  to  flow  into  the  furnaces  with  sufficient  velocity  to  cause 
the  fuel  to  bum ;  but  it  is  an  exceedingly  wasteful  one,  and  will,  some  day, 
undoubtedly  be  superseded  by  a  more  scientific  and  eoonomioal  apparatus. 
One  pound  of  fairly  good  coal  con  6e  made  to  evaporate  11  to  15  lbs.  of 
water ;  but  in  the  best  of  marine  boilers  only  10  lbs.  of  water  per  pound  of 
such  coal  are  evaporated  in  praotioe  with  every  care  taken,  Bbowing  that 
the  efficiency  of  the  boiler  ia  less  than  0'7  from  this  point  of  view.  With 
picked  Welsh  ooal  and  most  oareful  stoking  12  lbs.  can  be  evaporated  if  the 
rate  of  combustion  and  evaporation  is  not  high. 

Efflolenoy  of  the  Fnmaoe. — Loss  may  take  plaoe  at  this  part  of  the  boiler 
from  the  following  causes : — 

(1)  Bad  stoking,  whereby  fuel  is  lost  by  falling  through  the  bars  only 
partly  consumed,  and  is  thrown  away  with  the  ashes.  This  generally  takes 
plaoe  with  good  fuel  from  its  friability  ;  but  may,  in  some  oases,  be  due  to 
oarelessneas  in  laying  the  fire-bars.  Too  much  cannot  be  said  of  bad 
stoking,  as  from  tnis  cause  alone  the  best-designed  and  made  boiler  may 
prove  most  inefficient. 

(2)  WmU  of  air,  whereby  the  fuel  is  not  wholly  consumed,  but  part  of 
it  passes  off  through  the  ^nnel  as  carbonic  oxiae,  part  in  the  form  of 
smoke,  part  is  deposited  as  soot  in  the  tabes,  and  part  is  burnt  in  the  smoke- 
box.     This  ia  sometimes  due  to  bad  design  and  want  of  proper  meaoa  of 
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regnUting  ths  snpply  of  tdr ;  but  it  ia  more  freqaeutly  du»  to  bad  stoking 
and  oareleMBMS  on  ^e  part  of  tbe  Sremati  in  osing  the  meana  provided. 

(3)  Exceu  of  air,  wharebj  some  of  the  heat  is  employed  in  raising  the 
temperature  of  th«  superflaous  air,  and  thereby  doing  no  good.  This  is 
generally  caused  by  bad  stoking,  the  bars  being  nncorered  in  parts  of  the 
grate,  and  so  admitting  a  too  Itu'ge  inflow  of  air. 

(4)  Radia^on  through  tbe  mouth  when  the  doors  are  open  for  firing,  and 
any  radiation  through  openiogs  for  other  parposes.  This  cannot  be  avoided, 
but  should  be  comparatively  small. 

The  first  three  of  these  sources  of  loss  cannot  be  said  to  be  unavoidable, 
as  with  ordinary  care  the  loss  from  them  should  be  very  small  compared 
with  the  chief  loss. 

Chimney  Dmnght — To  obtain  an  efficient  draught  in  a  chimney  or 
funnel,  tbe  temperature  at  its  base  should  be  about  that  of  melting  lead, 
or  nearly  600°.  Professor  Raukine  states  that  "the  best  chimney  draught 
takes  place  when  the  abtolute  temperature  of  the  gas  in  the  ctiimney  ia  to 
that  of  the  external  air  as  25  to  12." 

That  is,  if  T  be  temperature  of  the  air,  then 

Absolute  temperature  at  the  base  of  funnel  =  jn  "  (461°+  T), 
or  temperature  according  to  thermometer  (Fahrenheit), 

_  1^(461*  +  T)  -  461*  -  2-08T  +  600*. 

Taking  the  temperature  at  60°,  the  proper  heat  at  the  base  of  the  funnel 
is  thea  208  x  60  +  60O,  or  625°.  Now,  the  heat  in  a  furnace  having  a 
natural  draught  is  usually  about  2400*,  and  if  the  heat  at  the  exit  from  the 
boiler  to  obtain  the  necessary  draught  is  600',  it  follows  that  25  per  cent,  of 
tbe  total  heat  of  combustion  is  wasted  owing  to  this.  If,  instead  of  a  chim- 
ney, a  draught  were  produced  artificially,  say  by  means  of  a  blowing  engine 
or  fan,  a  very  considerable  portion  would  be  saved. 

FaeL — The  usual  fuels  used  on  board  ship  are  eoal  of  various  descrip- 
tions and  qualities,  wood  in  those  parts  of  the  world  where  it  is  plentiful 
and  coal  scarcer,  and  patent  Juda  or  combinations  of  coal  with  other  sub- 
stanoes.  Coka  is  seldom  used,  and  oil,  although  comparatively  cheap,  and 
in  some  instancea  most  convenient,  has  not  come  into  general  use,  notwith- 
standing a  very  strong  advocacy  of  it  by  influential  persons.  Mineral  oil  is 
capable  of  producing  a  large  quantity  of  heat,  ia  clean  and  convenient  for 
stowing,  and  therefore  suitable  for  yachts  and  passenger  steamera ;  arrange- 
ments are  now  being  made  for  the  regular  supply  of  a  high  Sash  point  cheap 
oil  at  foreign  and  home  ports,  so  that  ships  can  depend  on  getting  their 
taaks  filled  as  surety  as  they  can  their  bunkera.  Creosote  waste,  aa  well  as 
petroleum  waste,  can  be  burnt  quite  safely  and  readily  in  the  fumacea  of  a 
boiler  by  means  of  special  apparatus ;  the  one  invented  by  Mr.  James 
Holden,  and  used  by  nim  so  successfully  for  many  years  in  the  locomotives 
of  the  Q.KR.  Co.,  London,  is  shown  in  detail  in  fig.  129.  Befuse  from  the 
petroleum  works  in  South  Russia,  called  attatfn,  has  for  very  many  years 
been  used  on  the  steamers  of  the  Caspian  and  Volga  for  fuel. 

Of  ooals  there  are  several  distinct  kinds,  and  many  more  qualities.  There 
are  five  distinct  varieties,  known  as — 


i^oc; 


Ki^lc 
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(1)  AntAraeite,  consigting  nlmoat  entirely  of  free  carbon,  generally  jet 
bUok  in  appearance,  bat  aometimos  greyiih  like  black  lead,  baa  a  specific 
gravity  generally  of  about  1  -6,  but  aometimea  as  high  aa  1  -9 ;  it  bums  with- 
out emitting  flame  or  smoke,  bnt  reqairea  a  strong  drangbt  to  bnrn  at  all. 
It  ia  capable  of  evaporating  (theoretically)  nearly  16  times  its  weight  of 
water,  but  to  obtain  good  results  from  it  careful  stoking  is  necessary,  as 
when  suddenly  exposed  to  heat  it  ia  very  friable,  breaka  np  into  small  pieces, 
and  falla  through  the  bar-spaces  if  disturbed  much,  as  it  does  not  cake.  The 
fires  shonld  be  worked  light  when  nsing  it,  and  the  coal  carefully  spread. 
The  heat  is  very  intense  and  local,  ao  that  furnaces  intended  to  burn  it 
should  be  high  in  the  crowns  and  protected  at  the  aides  by  bricks,  fireclay, 
Ac.,  or  else  have  no  air-spaces  down  the  aides. 

(2)  Dry  biiuminmi*  coal  contains  from  70  to  80  per  cent,  of  oarbon,  and 
about  15  percent,  of  volatilisable  matter;  its  specific  gravity  is  from  1'3  to 
I'ib.  It  bams  easily  and  swells  considerably  while  being  converted  into 
coke.  The  harder  kinds  do  not  bum  so  readily,  nor  do  the  pieces  stick 
together  so  easily  when  burning,  and  are  generally  better  adapted  for 
marine  boilers. 

(3)  BUuminouM  caking  coal,  oontaining  from  oO  to  60  per  cent,  of  carbon, 
ia  generally  of  about  the  same  specific  gravity  as  the  dry  bituminous ;  it 
contains,  however,  as  much  as  30  per  cent,  of  volatiliaable  matter,  and 
consequently  develops  hydrocarbon  gases ;  it  bums  with  a  long  fiame,  and 
sticks  together  in  caking,  so  as  to  lose  all  trace  of  the  original  forms  of  the 
pieces.     It  requires  special  means  to  prevent  smoke. 

(4)  Cannd  coal,  or  long  flaming  cool. — This  is  seldom  used  fi>r  steam  pur- 
poses, as  it  gives  off  lai^e  quantities  of  smoke,  and  is  very  scarce.  It  is  the 
best  coal  for  the  manufacture  of  gas. 

{5)  Lignite,  or  brown  coal,  is  of  later  formation  than  the  other  coals, 
and  in  some  instances  approaches  to  a  peaty  nature.  It  contains,  how- 
ever, when  good,  from  56  to  76  per  cent,  of  carbon,  and  has  a  specific 
gravity  from  120  to  1*35.  It  also  contains  large  quantities  of  oxygen,  and 
a  small  quantity  of  hydrogen.  The  commoner  kinds  of  lignite  are  poor,  and 
contain  as  little  as  27  per  cent,  of  carbon,  and  therefore  are  not  suitable  for 
steaming  purposes. 

In  some  parts  of  the  world,  where  coal  cannot  be  easily  obtained,  wood 
is  used  for  fuel,  and  the  farnaoe  specially  constructed  to  bum  it ;  it  contains, 
on  the  average,  when  dry,  about  50  per  cent,  of  carbon,  41  of  oxygen,  and  6 
of  hydrogen. 

Patent  FnelS  oonsist  principally  of  coal,  and  their  value  depends  there- 
fore on  the  quality  of  the  ooal  from  which  they  are  made.  To  utilise  the 
small  cool  from  the  mines  and  yards  was  a  somewhat  difficult  problem,  as  it 
oonld  not  be  conveniently  transported,  and  is  difficult  to  bum  in  an  ordinary 
furnace.  By  mixing  a  small  quantity  of  pitch  or  tar  with  it,  and  baking  the 
mixture  in  moulds,  a  hard  brick  is  produced,  which  is  easily  handled  and 
burns  well.  There  are  many  other  ways  of  manufacturing  patent  fuel  from 
email  coal,  but  the  result  is  the  same— viz.,  a  hard  brick. 

The  Value  of  a  Fuel  is  determined  by  its  chemical  composition.  All 
fuels  contain  more  or  less  of  carbon,  must  have  also  hydrogen  and  oxygen 
in  various  proportions,  and  some  small  quantities  of  nitrogen,  sulphur,  Ac 

These  substances  are  usually  designated  by  their  chemical  symbols,  that 
is  by  the  initial  letter  of  the  name.  They  combine  in  certain  fixed  quan- 
tities, called  their  chemioal  aguivalenit.     Thus — 
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CarhoH,  sjmbol    0,  ch«mio*]  eqnivalsnt  12. 
SydrogiM,  „        H,        «  „  1. 

Oijffm,      „        O,        „  „         16. 

Jfi(roff«n,    „         H,         „  „  14. 

S^dphvT,    „         8,        „  „         32. 

A  poand  of  oubon  is  oapkble  of  daToIoping,  during  oomboatioa,  m.  c«rUiiL 
qn^ntitf  of  heftt,  allied  the  total  ktat  of  oom^utfion,  uid  U  measured  by 
WHtto  o/  heat. 

The  British  ituidud  unit  of  hoMt  ii  defined  u  thai  qvantitjf  of  hoot 
whieh  mil  rait*  one  pound  o/pun  water  one  decree  Fahrmtheit  in  temperature. 

The  totftl  heat  of  combuation  of  one  pound  of  hydrogen  ia  measured  in 
tiie  same  w&y,  and  it  is  also  found  that  the  total  hial  of  oombuation  of  any 
eompowid  of  earbon  and  hydrogen,  it  the  *tim  of  the  quantitie*  oj  heat  iMicA 
the  hfdrogen  and  earbon  contained  in  it  vMuld  produce  if  burnt  eqxtrately. 

If  a  fuel  contains  ozjgen  as  well  as  hydrogen,  it  is  known  that  eight 
parts  by  weight  of  the  former  unite  with  one  of  the  latter  to  form  water, 
whiob  exists  as  such  in  the  fuel,  and  doei  rtot  add  to  the  total  heat  of  oornhut- 
tion.  If  there  is,  however,  an  excess  of  hydrogen  beyond  what  is  required 
to  form  with  the  oxygen  the  water,  the  remaininff  hydrogen  does  add  to  the 
total  heat  of  eombuetion,  and  may  be  reckoned  in  estimating  its  value. 

Hydrogen  gae  requires  8  pounds  of  oxygen,  and  consequently  36  pounda 
of  air  to  consume  it ;  its  total  heat  of  combustion  is  62,032  units  of  heat, 
and  therefore  it  can  evaporate  64  pounds  of  water  from  and  at  312*. 

Carion,  when  fully  burnt,  requires  only  2'7  pounda  of  oxygen,  or  12 
pounds  of  air  to  consume  it — that  is,  to  convert  it  into  carbonic  acid  :  its 
total  heat  of  combustion  is  14,600  units  of  heat,  and  can  therefore  evaporate 
IS  pounds  of  water  ft-om  and  at  312*.  I(  however,  it  is  only  putially 
burnt  or  turned  merely  into  carbonic  oxide,  half  the  quantity  of  air  is 
consumed,  and  the  total  beat  of  combustion  is  only  4400  units  of  heat. 

Svlphi^  exists  only  in  small  quantities  in  good  coal,  and  the  total  heat 
of  combustion  is  only  about  4000  units. 

From  this  information,  the  following  rule  is  deduced  for  the  total  heat 
of  combustion  for  suliatances  containing  carbon,  hydrogen,  and  oxygen. 

Total  heat  of  combustion  of  1  pound  of  fuel 


.  14,600|  C  +  4-28  (  H  -  ^)  }■        -        -        (1) 


and 

Theoretical  evaporative  power  of  1  pound  of  fuel 


.  lt{c.4-28(H-°)}. 


0  being  the  weight  of  carbon,  H  that  of  hydrogen,  and  O  that  of  oxygen, 
all  expressed  in  fractions  of  a  pound. 

Example. — To  find  the  evaporative  power  of  a  pound  of  Welsh  coal, 
whose  constituents  are,  carbon  86,  hydrogen  4,  oxygen  2-5,  others  8'S. 

E  =  16{0-85  +  4-38(004  -  ^^)} 
1C-12S  pounds. 
The  guonlity  ^air  required  to  bum  apoitnd  tjfjuel  may  also  be  estimated 
in  a  somewhat  similar  way. 
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W«ight  of  ftir  required  to  (itni  1  pound  of  fuol 
=  1J0  +  36  (h-^)- 

To  bum  ordinary  ooal  or  ooke,  12  pounds  of  ur  are  repaired  on  the 
•venge. 

To  provido  for  the  diivHon  of  the  gueooi  prodocta  so  thftt  fi-ee  Moess  is 
giren  to  the  air  to  reach  the  fdel,  much  more  is  required ;  so  Uiat  to 
eotwuHM  otM  jMmnd  qfjiul  in  pnutioe,  24  pottnda  of  air  an  t^ten  vted. 

At  the  temperatare  of  63*,  the  volnme  of  1  poond  of  air  is  13*14 
cabio  feet ;  therefore,  to  oonsume  1  pound  of  coal  or  ooke  316  cnbic  feet  of 
air  are  neceasary.  If,  however,  the  draught  is  vary  good,  such  as  found  with 
artificial  leeaDB,  260  cubic  feet  are  suScieaL 

Professor  Kennedy  fouud  that  the  best  results  were  obtained  when 
16*14  pounds  of  air  were  used,  and  noted  the  following : — 


Airperllxotooal,    .        .        . 

...,., 

14-6 

17-4 

17-8 

18-14 

9-2 

5« 

3-6 

0*5 

Table  xxiv.  givei  theoompositioo,  total  heat  of  oombnabioD,  and  evapcunf 
tive  power  of  the  rarions  fuels. 

Eate  of  CombnBtioa — The  quantity  of  coal  bnmt  on  a  square  foot  of 
grate  depends  partly  on  its  nature,  but  principally  on  the  draught.  Some 
bard  ooali,  like  anUiracite,  require  a  ver?  strong  draught  to  bum  at  all, 
and  some  qualities  of  anthracite  bum  slowly  even  tben.  Bitanunous  coal 
burns  mudi  more  freely  than  anthracite,  and  some  of  the  softer  kinds  con- 
sume Tery  rapidly.  All  coal  burns  very  much  more  rapidly  with  a  strong 
draught,  as  might  bo  supposed,  and  for  that  reason,  when  only  a  compara- 
tively small  boiler  can  be  fitted  to  supply  steam,  artificial  draught  is  a 
necessity.  It  has  also  been  stated  that  when  the  draught  is  very  strong, 
a  tmaiUr  weight  of  air  tuffUtt  to  complete  combustion. 

Artificial  Draught. — There  are  four  general  methods  of  causing  an 
artificial  draught :  (1)  The  steam  blast,  by  which  the  products  of  combustion 
are  ejected  from  the  funnel  in  the  same  way  that  the  exhaust  steam  from  a 
locomotive  produces  a  draught ;  (2)  by  an  air-blast  delivered  under  the 
fires  with  a  closed  sab-pit ;  (3)  by  making  the  boiler  room  air-tight,  and 
forcing  air  into  it  by  a  fan,  until  the  pressure  is  above  that  of  th* 
atmosphere,  the  only  vent  being  through  the  iumaoes  to  the  funnel ;  and, 
(4),  by  a  &n  placed  near  the  base  of  the  funnel  which  draws  from  the 
smoke-box  and  delivers  into  the  funnel;  this  is  known  as  the  indwomi 
draught  tyttem. 

The  first  of  these  methods  is  the  older  and  commoner  form ;  it  is  not 
very  efiective,  and  by  no  means  eoonomical,  as  there  is  loss  of  both  co^  and 
fresh  water ;  it  also  qnickly  wears  out  the  funnel ;  but  it  hsa  the  merit  of 
being  cheap  in  first  cost,  and  does  well  enough  if  it  is  only  required  to  be 
used  occasionally  to  quicken  the  fires  in  getting  np  steam,  or  during  a  hot 
day  when  steaming  with  a  fair  wind,  or  no  wind  at  all.  The  second  plan 
has  the  merit  of  simplicity,  and  has  been  made  by  Mr.  James  Howden  and 
others  very  effective  by  their  special  systems.  There  is  no  danger  with 
it,  and  it  may  be  applied  to  any  kind  of  ship.  The  third  plan  is  one  which 
is  universally  adopted  in  warships,  and  also  in  some  large  and  small  mer- 


ARTIFIOUL  DRADQBT. 


chant  shtpB.     It  is  &  costly  plan,  mad  a«oeuitates  a  oomplete  ohango  in  the 
■hip  arrangements  in  the  boiler  oompartment.     It  ii  undoubtedly  a  moat 
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efficient  pl&a  of  artifioiftl  dnaght,  bat  the  eo«t  muat  enter  into  the  e»lca- 
Ution  of  pradicat  efficiency,  m  mnit  mIbo  the  risk  ran.  The  firemen  are 
prkotio&lly  imprisoned  in  the  Btokehole,  u  aoceaa  to,  and  egress  from  it  ar« 
throagh  an  air-tight  lock,  and  when  a  panic  arises  the  result  under  suoh 
circnmatanoea  is  often  most  serious.  The  fourth  plan  is  simple  and  less 
costly,  and  it  is  claimed  to  be  less  trying  to  the  tubes,  3k.,  but  why  is  not 
obvioas.  It  baa  been  tried  in  both  the  Navy  and  merchant  serrice.  In  the 
latter  the  ElUs-Earea  patent  system,  which  includes  an  eduction  Csn,  has 
been  tried  with  success ;  but  the  fan  must  be  moat  carefully  designed  and. 
ficted  to  enable  it  to  deal  with  gases  at  600*  F.  suooessiiilly. 

Howdan'B  System  of  Foroetf  Draught— The  second  method  of  artificial 
draught  abore  mentioned  has  been  elaborated  and  perfected  by  Hr.  James 
Howden,  who  was  one  of  the  first  to  take  up  the  question  of  fonied  draught, 
and  pemevere  both  in  experimenting  and  in  educating  the  public  mind, 
until  to-day,  when  his  system  has  been  largely  adopted  in  the  Mercantils 
Marine  of  all  nations  with  more  or  less  beneficial  results.  Fig.  129  shows 
his  arrangement  whereby  the  air  is  supplied  to  the  fumaoes  by  conduits  at 
the  sides  of  the  stnoke-bozes  after  having  passed  through  a  chamber  con- 
taining a  system  of  vertical  tubes  through  which  the  hot  air  and  gases 
from  the  smoke-box  flow  to  the  funnel.  The  supply  of  air  is  kept  up  and 
regulated  by  means  of  a  &n,  and  is  usually  delirered  at  a  pressure  equal 
to  half  an  inch  to  one  inch  of  water.  This  system  is,  therefore,  on  the 
regenerative  principle,  whereby  the  waste  heat  in  the  chimney  is  utilised  to 
heat  the  in-coming  air  to  the  fumaces,  and  although  the  direct  saving  by 
using  this  waste  best  is  not  very  large,  owing  chiefly  to  the  low  specific 
heat  of  air,  the  indirect  one  is  considerable  from  the  fact  that  the  combustion 
of  fuel  is  much  more  complete  and  efficient  the  nearer  the  air  supply 
approaches  the  temperature  of  combustion.  Mr.  Howden  claims  a  saving 
of  cool  by  this  system  amounting  to  a  considerable  percentage,  and  no 
doubt  this  will  be  so  when  applied  to  a  boiler  whose  design  and  proportions 
are  not  of  the  best,  but  in  every  case,  it  must  be  frankly  admitted,  there 
is  a  material  gain  by  supplying  the  air  at  a  high  temperature  and  regulating 
that  supply  to  suit  the  conditions  prevailingat  the  time. 

EUIb  a  EareB'  System  difiers  from  the  Howden  system  chiefly  from  the 
products  of  combustion  being  drawn  at  the  funnel  base  and  delivered  up  to 
the  funnel  by  a  fan  after  passing  through  the  tubes  of  a  beating  chamber 
similar  to  Howden's.  In  this  case  the  inflow  of  air  is  through  the  heating 
chamber  and  downwards  to  the  furnaces,  induced  by  the  suction  of  the  fan, 
and  henoe  called  the  "  induced  draught "  system.  This  system  also  difien 
from  Howden's  in  some  details.  Among  others,  it  is  usually  fitted  with 
boilers  having  Serve  tubes  of  considerable  diameter,  as  against  the  tubes  of 
small  diameter  fitted  with  retarders  in  Howden's  case.  This  system  has 
been  fltted  by  Messrs.  John  Brown  &  Oc,  of  Sheffield,  to  several  ships,  as 
well  as  to  boiler  installations  on  shore,  with  beneficial  results  in  all  oases.  It 
need  hardly  be  ssid,  however,  that  the  suction  fan  has  to  be  very  carefully 
designed  and  fitted  to  avoid  damage  from  the  heat  of  the  air  that  passes 
through  it 

Qnanti^  of  Fuel  Bunt  on  the  Onte. — With  good  stoking  and  the  ordi- 
nary funnel  draught,  as  much  as  20  pounds  of  coal  can  be  burnt  per  square  foot 
of  grate  per  hour,  and  under  most  favourable  circumstances,  22  to  25  pounds. 
In  the  mercantile  marine,  16  pounds  is  the  average  amount  burnt  on  a 
square  foot  of  grate  when  working  economically,  and  all  calculations  for 
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a  merchant  ship  should  b«  based  on  this ;  for  although  20  pounds  Mn  be 
oontamed  when  the  fires  are  foroed,  or  oa  a  verj  windj  daj  when  the 
draught  is  good,  no  grate  of  ordinary  length  should  be  supplied  with  more 
than  10  pounds  to  obtain  complete  oombastion,  and  this  is  all  that  will  be 
eontumtd  on  a  sultrj  da;.  On  a  short  grate,  saj  13  to  16  the  diameter  of 
the  furnace  in  length,  30  pounds  of  ooal  mbj,  bowerer,  be  burnt  econo- 
mically. With  moderate  foroed  drnnght,  30  to  30  pounds  can  be  readily 
burnt  on  a  square  foot  of  grate,  and  30  to  SO  pounds  with  good  air  pres- 
sure either  Joretd  or  indvMd,  and  with  short  grates  and  good  stoking  even 
as  much  as  60  pounds.  A  looomotive  with  a  draught  produced  by  the 
exhaust  steam  can  bum,  as  a  mle,  66  ponnds  of  ooal  per  square  foot  of 
grate;  and  the  modem  express  engine  bums  ss  much  as  80  ponnds. 

The  coal  consumed  in  torpedo  boats  with  the  olosed  stokehole,  and  a 
pressure  of  air  in  (As  atokehcie  above  that  of  the  atmosphere  eqosl  to  6 
inches  of  water,  is  as  much  ss  96  pounds  per  square  foot  of  grate,  and  is 
even  62  pounds  at  a  pressnre  of  three  inches  only.  Ur.  Thomyoroft  eclipsed 
ihis  in  the  yacht  "  Qitana,"  where  138  pounds  of  ooal  were  burnt  per  squsre 
foot  of  grate;  this  is  exceedingly  high,  and  is  only  such  as  can  be  obtained 
nnder  tbe  most  favourable  conditions  with  every  care  taken  in  the  ventilating 
arrangements ;  the  evaporative  power  under  such  oonditioiu  is  by  no  means 
high,  atthongh,  perhaps,  higher  than  could  have  been  anticipated.  In  the 
Navy  an  air  pressure  of  ^  inch  is  allowed  to  count  as  natural  dratight,  and 
2  inches  is  the  limit  allowed  for  forced  draught  in  large  abips  with  tank 
boilers.  With  those  pressures  the  combustion  is  very  good  and  evaporative 
power  vei7  fait. 

Size  01  FoimeL — The  natural  draught,  or  that  obtained  by  means  of  a 
funnel,  is  very  much  influenced  by  the  area  of  its  transverse  section,  and  by 
the  height  or  distance  of  its  top  from  the  level  of  the  fire-bars.  The  draught 
in  a  funnel  is  due  to  the  difference  in  density  of  the  column  of  gas  in  it  from 
that  of  the  surrounding  atmosphere;  the  contents  of  the  funnel  rise  upwards, 
on  the  same  prinoiple  that  a  bubble  of  air  rises  through  water.  The  density 
depends  on  the  temperature  of  the  gases  at  the  funnel  bsse,  and  for  this 
reason  a  good  draught  cannot  be  obtained  without  a  comparatively  high 
temperature.  The  good  draught  observable  on  a  windy  day  is  due  to  the 
tendency  to  form  a  vacuum  at  tbe  mouth  of  the  funnel,  by  tbe  wind  blowing 
across  it.  Professor  Kankine  has  given  the  following  formulte  for  chimney 
dranght : — 

Let  u>  be  the  weight  of  fuel  bumed  in  a  given  furnace  per  second  in 
pounds. 

Vfl  the  volume  at  32*  of  the  air  supplied  per  pound  of  fuel 

Tg  the  ahaolutt  temperature  at  32°  Fshr.,  which  ia  461°  +  32*, 

r,  the  absolute  temperature  of  the  gas  discharged  by  the  chimney,  whose 
sectional  area  is  A ;  then 

Velocity  of  the  current  in  the  chimney  in  feet  per  second  is 


The  density  of  that  current  in  ponnds  to  the  cubic  foot  is  very  nearly 
-^(0-0807  +  ^); 
that  is  to  say,  from  0084  to  0-087  x  (r,,  -f  tJ. 
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Let  I  denote  the  whole  length  of  tbe  ohimitej,  uid  of  the  fine  le«diiig  to 
it  in  feet ; 

mita  "hydnalic  meMi  depth;"  thkt  is,  ita«re«  divided  by  its  perimeter; 
which,  for  a  sqasre  or  round  fine  Knd  chimney,  ie  one  qoArter  (rf  the 
diameter; 

/,  a  ooefGcient  of  friction,  whose  valne  for  currents  of  gas  moving  over 
sooty  snrfaoes  is  estimated  by  Feclet  at  0-013 ; 

U,  a  factor  of  resistance  for  a  passage  of  air  through  the  grat«,  and  the 
layer  of  fuel  above  it ;  whose  value,  according  to  (he  experiments  of  Peelet 
on  furnaces  burning  from  20  to  24  pounds  of  coal  per  square  foot  of  grate^ 
is  12. 

Then  according  to  Peclet'i  formula. 

The  head  required  to  produce  the  draught  in  qnestion  is 

which,  with  tbe  valnes  assigned  by  Peolet  to  the  constants,  becomes 

When  the  head  is  given  the  valae  of  f*  may  be  calculated,  and  then. 
Weight  of  fuel  which  the  furnace  is  capable  of  burning  oompletely  per 


It  is  usual  to  reckon  the  head  by  taking  1  inch  of  water  as  the  unit; 
then, 

Head  in  inches  of  water  -  0-192  x  &  x  ^  (o-OS07  +  ^Y 

Mr.  Thomycroft  fonnd,  by  careful  experiment  with  steam  launches  and 
torpedo  boats  having  "  loco  "  boilers  aud  working  with  a  plamtnt  (that  is, 
wi^  a  closed  stokehole  into  which  air  ii  forced),  "  that  of  the  inildal 
pressure,  tbe  resistance  of  the  tubes  aooounts  for  about  seven-tenths  of  the 
whole,  the  resistance  of  the  fires  and  fire-foara  being  only  about  one-tenth  ;* 
and  that  "  the  pressure  in  the  funnel,  as  measured,  was  sensibly  equal  to 
atmospheric  pressure." 

Profsuor  Baukine  also  stated  that  if  H  be  the  height  of  the  funnel,  r^ 
the  absolute  temperature  of  the  external  air,  then — 

Head  produced  by  chimney  draught 

-  H  (o-96  p^  -  l). 
or,  taking  A  as  the  head, 

Height  of  chimney  required  to  produce  a  given  draught 

-*-.(0!l6l-l). 

The  velocity  of  the  gaa  in  the  chimney  is  proportional  to  -/Ki  and 
therefore  to  >J0-9G  r,  -  r^ 

The  density  of  that  gsa  is  proportional  to  ~. 
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The  weight  diBcfaarged  per  second  u  proportional  to  Telocity  x  density, 

and,  therefore,  to  — ^i  "  ^^ ;   which  expression  becomes  a  tnaximam, 

when  r^^  -Ta^r    Therefore  the  best  chimney  draught  takes  place  when 

the  absolute  temperatare  of  the  gas  in  the  chimney  is  to  that  of  the  external 
air  as  25  to  12. 

When  this  condition  is  iiilGlled  A  =  H. 

That  is,  the  height  of  the  chimney  for  the  best  draught  is  equal  to  the 
htad  expressed  in  hot  gas,  and  the  density  of  the  hot  gas  is  half  that  of  the 

In  practice  the  size  and  height  of  chimney  are  governed  rather  by  cir- 
cumstances than  by  scientific  investigation;  the  diameter  is  fixed  by 
arbitrary  rules  based  on  successful  practice,  and  the  height  such  as  suits 
the  appearance  or  service  of  the  ship. 

A  convenient  rule  is  H  -  007 (-r-)  ;  w  A  -  — -!„-    ■     H  is  height 


in  feet ;  A,  the  area  of  section  in  square  feet ;  and  C,  the  consmnption  in 
pounds  per  hour  of  fuel  on  the  grates  connected  to  the  chimney. 

Evaporation. — The  heat  of  the  gases  from  the  furnaoe  is  to  be  absorbed 
by  the  surfaces  with  which  they  come  in  contact  on  their  passage  to  the 
chimney,  and  the  efficiency  of  this  part  of  the  boiler  depends  on  the 
capability  of  those  sur&ces  to  readily  take  up  the  beat,  on  the  material 
to  transmit  it  by  conduction  to  the  inner  surfaoe  or  that  with  which  the 
water  is  in  contact,  and  on  that  inner  surface  being  in  such  a  condition  as 
to  give  up  the  heat  to  the  water.  The  inttrrMl  efficiency  of  the  boiler 
depends  on  the  convection  or  circulation  of  the  water  in  the  boiler,  whereby 
fresh  portions  are  successively  brought  in  contact  with  the  hot  surfaces. 
The  importance  of  this  latter  &ctor  was  seldom  appreciated  in  estimating 
the  effidenoy  of  a  boiler,  although  now  engineers  give  it  first  consideration. 

When  the  furnaoe  is  internal — that  is,  when  it  forms  a  part  of  the  boiler 
proper  and  is  surrounded  with  water — a  large  proptortion  of  the  total  heat 
of  (»mbn8tion  is  absorbed  by  it,  partly  by  direct  contact  with  the  hot  fuel 
at  the  sides,  and  partly  by  radiation  from  the  glowing  surface  of  the  incan- 
descent fuel  when  coked.  The  furnace  also  abeorbs  heat  from  the  hot  gases 
passing  along  its  surfaces. 

The  furnace  or  fire-box  of  a  locomotive  boiler  is  usually  made  of  copper, 
and  it  has  been  proved  by  experiment  that  a  very  large  proportion  of  the 
whole  heat  generated  in  it  is  absorbed  by  it,  consequently  its  evaporative 
efficiency  is  very  high.  The  furnace  of  the  ordinary  marine  boiler  is  of 
steel,  which  is  not  so  good  a  conductor  of  heat  as  copi>er,  and,  therefore, 
does  not  transmit  such  a  largo  proportion  of  the  total  heat  of  combustion, 
although  its  avaporativo  power  is  still  high.  (For  conductivity  of  metals 
see  CtuH).  XXV.). 

Combtuttoo. — The  combustion  of  the  fuel  is  not  always  eompUled  in  the 
furnace  of  the  marine  boiler,  as  the  gases  distilled  from  it  during  the  pro- 
cess of  coking  escape  to  tlie  chamber  beyond  the  furnace  before  sufficient 
air  has  been  supplied ;  and  also  it  sometimes  happens  that  the  temperature 
(diove  iha  fuel  is  not  sufficiently  high  to  cause  ignition.  The  carbon  often 
unites  in  the  furnace  with  only  sufficient  oxygen  to  form  carbonic  oxide,  and 
this  flows  into  the  combustion  chamber  \  i^  then,  a  further  supply  of  air  ia 
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found  there,  uiother  portion  of  oxygon  is  Uken  up,  uxd  cftrbonio  add  gms 
ia  formed ;  that  is  whmt  vkuOIt  t^ei  place  with  bitaminoos  ooftl.  and 
nnlesa  thii  seoond  anpply  of  ur  ia  provided,  the  combustion  of  a  largo 
portion  of  the  fuel  is  not  completed  in  the  boiler.  If  the  fire  is  completely 
covered  with  gnm — that  is,  fresh  fuel — the  part  next  the  hot  sur&cea  parts 
with  its  volatile  elements,  which  rise  and  become  cooled  in  so  doing,  w> 
that  when  ther  oome  in  contaot  with  the  oxygen  of  the  air,  the  tem- 
perature is  not  high  enough  to  cause  them  to  chemically  unite — that  is,  to 
ignite,  and  consequently  they  merely  mix  mechanically  and  flow  on  luitil 
they  pass  out  at  the  moatb  of  the  funnel  and  appear  as  smoke. 

When,  however,  by  careful  stoking  and  regulating  the  supply  of  air,  ao 
that  combustion  is  completed  in  the  combustion  chamber,  the  evaporati've 
power  of  that  part  of  the  boiler  is  high,  and  with  the  furnaces  is  Uie  most 
valuable  part  of  the  boiler  for  transmitting  heat  to  the  water. 

Hettlllg  SoT&ce. — As  has  been  stated,  the  efBcienoy  of  the  heating  sur- 
face of  the  boiler  depends  on  the  msterial,  its  thickness,  and  on  the  state  of 
the  surfaces  in  contact  with  the  hot  gases  and  water.  The  furnaces  and 
combustion  chambers  are  of  steel,  whose  conductivity  is  inferior  to  that  of 
copper,  but  is  still  good  (vide  Chap.  xxv.).  It  is,  however,  very  materially 
afifooted  by  its  internal  condition — that  is,  by  any  want  of  homogeneity. 

The  superior  evaporative  power  of  the  fdmsoe  is  dae  in  great  measure 
to  the  cleanness  of  the  sur&ce  exposed  to  heat ;  there  is  no  deposit  of  soot 
or  ash  on  it,  and  the  smallest  possible  amount  of  oxide;  the  combustion 
chamber  also  is  generally  in  the  same  condition.  The  roughness  of  the 
surface  exposed  probably  increases  its  power  of  receiving  heat,  not  so  much 
from  any  abstract  virtue  in  that  stAte,  as  from  the  actual  swjaae  being 
greater  than  if  smooth.  Tery  much  depends  on  the  oondition  of  the  inside 
surface  exposed  to  the  water ;  if  it  is  quite  clean  and  tmooth,  it  is  not  bo 
efficient  as  slightly  dirty  and  rough ;  the  best  oondition  being  roughness 
with  freedom  from  coating  of  bad  conductors.  If  a  metallic  snr&oe  is 
smooth  and  clean,  ev^H>rstion  from  it  is  slow  and  intermittent^  because  on 
it  is  formed  a  film  of  steam,  which  is  a  bad  conductor,  and  this  will  only 
disperse  when  its  buoyancy  overcomes  the  attraction ;  when  the  attraction 
ii  overcome,  the  steam  rises  suddenly  «n  maue,  the  surrounding  water  then 
flows  into  its  place,  when  a  film  is  agun  formed,  and  a  bubble  accumulates 
as  before.  It,  on  the  other  hand,  the  surface  be  rough,  the  film  is  broken 
up  by  numerous  points  on  the  surface,  which  serve  as  aocumnlaton  and 
starting  points  for  myriads  of  small  bubbles ;  these  are  formed  quickly,  rise 
freely  and  oontinuonsly,  giving  a  rapid  and  steady  supply  of  steam.  It  is 
for  this  reason  that  many  boilers  prioM — that  is,  work  with  violent  ebullition 
.—when  quite  new. 

Tube  Sniboe. — The  tubes  of  a  marine  boiler  represent  the  greater  por- 
tion of  the  total  heating  surface,  and  it  is  to  this  part  that  great  attention  is 
required,  both  in  designing  and  working  a  boiler.  They  are  naually  made 
of  iron  in  the  mercantile  marine,  and  of  steel  in  naval  hollers.  The  con- 
ductivity of  the  brass,  which  was  formerly  used  in  the  Navy,  is  theoretically 
double  that  of  the  iron ;  but  in  practice  with  foul  surfaces,  there  is  not  so 
great  a  difference,  their  relative  value  being  then  about  3  to  2 ;  to  obtain, 
therefore,  results  commensurate  with  their  extra  cost,  brass  tubes  should  be 
kept  very  clean. 

Much  stress  ia  sometimes  laid  on  certain  experiments  which  show  the 
relative  evaporative  power  of  certain  portions  of  the  tubes,  to  prove  thereby 
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that  the  final  foot,  or  tvo  feet,  of  tube  ia  pr&otiosll^  useless  in  everj/  boiler. 
It  ia  not  very  surpriain);  to  find  that  the  first  foot  of  tube  has  a  high  evapo- 
rative power,  and  that  Uie  power  deoreasea  rapidly  the  &rlfaer  removed  £he 
portion  is  from  the  furnace  or  combustion  chamber.  Oonsidering  that  the 
temperature  of  the  gas  on  entering  the  tube  is  2000*  to  2400*,  and  on 
leaving  it  should  be  not  more  tlian  600*,  while  the  tei^eratnre  of  the  water 
Burroonding  the  tnbe  is  very  nearly  the  same  (386*  F.)  at  every  part,  the 
transmission  of  heat  should  be  very  much  more  at  the  entering  ena  than  at 
the  other;  moreover,  the  end  next  the  funnel  is  more  liable  to  get  dirty 
fi^m  deposit  of  soot,  &c.,  and  so  to  rapidly  fall  off  in  efficiency,  fiat  in 
continuous  practice  it  was  not  found  that  there  was  such  a  large  difference 
in  the  value  of  the  two  ends  of  the  tubes,  beoanse  the  end  at  which  there  is 
the  rapid  evaporation  soon  became  covered  with  scale,  and  its  efficiency 
reduced  when  salt-feed  water  was  used ;  the  temperature  was  then  not 
ao  much  reduced  after  passing  through  the  first  portion,  and  for  this  reason 
the  last  portion  was  found  to  have  a  higher  efficiency  than  before,  The 
size  of  tube  has  also  some  infiuence  on  its  efficiency,  for  whereas  the  surface 
increases  ss  the  diameter,  the  contents  incresse  as  the  square  of  the  dia- 
meter. If  a  tube,  then,  of  4  inches  diameter  be  substituted  for  two  of 
2  inches  diameter,  the  surface  is  the  same,  while  the  oubio  capacity  is 
doubled ;  if  the  rate  of  flow  be  the  same  in  both  cases,  the  4-inch  tube  will 
pass  twice  the  quantity  of  gaa  through  it  that  flows  through  the  two  3-inoh 
ones,  and  have  only  the  same  surface  to  abeorb  and  transmit  the  heat.  If 
the  quantity  flowing  through  the  tabes  be  the  same  in  both  cases,  the 
4-inch  tube  is  still  at  a  diudvantage,  inasmuch  as  the  mean  distance  of 
the  gas  from  its  surface  is  greater  than  that  in  the  2-inch  ones.  The 
velocity  through  the  small  tubes  will,  in  the  latter  case,  be  double  that  in 
the  4-inch  one,  and  will  therefore  cause  a  brisker  circulation  of  the  hot  gas, 
and  the  liability  of  soot  and  ash  deposit  is  considerably  reduced.  Hence 
tubes  of  smaller  diameter  are  used  with  advantage  with  forced  draught,  for 
the  same  evaporation  is  effected  with  smaller  amounts  of  surface.  The 
"  Serve  "  lube  made  by  J.  Brown  &  Oo.,  having  6  or  8  ribs  projecting  inside, 
has  the  great  advantage  of  large  absorbent  surface  in  proportion  to  its  cubic 
capacity.  The  twisted  strips  of  iron  placed  inside  the  tubes  by  Ur.  Howden, 
and  called  "retarders,"  have  the  effect  of  reducing  the  cubic  capacity  as  well 
as  circulating  the  hot  gases;  the  retarders,  however,  can  transmit  very 
little  of  the  heat  they  absorb,  as  the  ribs  of  the  Serve  tubes  do. 

Evaporattve  Power,— The  probable  evaporative  power  of  a  boiler  may  be 
found  approximately  by  the  following  formula : — 

Let  0]  be  the  meoretical  evaporative  power  of  the  fuel,  F  the  weight  of 
coal  burned  on  the  grate  in  pounds  per  hour,  and  K  the  total  beating  sur- 
face in  square  feet ;  then 

Pounds  of  water  evaporated  per  pound  of  fuel  burnt 

-'■«»K5eVf)'.- 

Bmmpta.~-To  find  the  evaporative  power  of  a  boiler  which  burns  a  fuel 
whose  theoretical  evaporative  power  is  16,  the  number  of  pounds  burnt  per 
hoar  on  the  grate  is  800,  and  tne  total  beating  surface  is  1000. 

Here 
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I7n  egicimtoy  of  the  boiler  u,  by  this  ru1«, 

Tliii  rule  is  oalj  approximate,  however,  bec»use  the  heating  sarlaoe  ia 
DOt  always  wholly  real  haatiag  surface,  some  being  only  nomiaal ;  manj- 
boilers  aa  made  have  given  better  results  after  the  removal  of  tabes,  which 
very  materially  decreased  the  nominal  heating  surfaoe.  If  a  boiler  has  jngt 
enoi^h  surface  to  absorb  heat  from  the  gases,  ao  that  the  temperature  at  tho 
funnel  base  is  only  suoh  as  is  sutEcient  to  produce  the  required  draught, 
then  the  heating  surface  is  effective ;  any  sur&ce  added  to  this  is  auperflaooa, 
and  in  very  many  cases  does  positive  harm. 

The  temperature  at  uptake  depends  on  the  temperature  of  the  water  in 
the  boiler;  for  instance,  at  300  lbs.  pressure,  it  will  be  423°  F.;  so  it  will  be 
no  use  to  try  to  bring  the  temperature  of  the  gases  below  400*,  and  witb 
suoh  a  temperature  there  the  efficiency  of  the  tubes  will  be  very  low  at 
300  lbs.  when  the  temperature  of  the  water  is  387*  F.  It  is  therefore 
manifest  that  it  is  better  to  have  a  higher  temperature  in  the  smoke-box, 
and  reduce  at  fnnnel  base  by  air-heaters,  feed-heaters,  or  super- beaters. 


CHAPTER  XVIII. 

BOtLKBB — DESIGN   AND  PROPOHTIONS. 

Thbrb  are  four  distinct  classes  of  marine  boiler  now  iu  use,  each  of  which 
may  be  subdivided  in  various  ways.    These  are — 

(1)  The  cylindrical  boiler  wiUt  return  tubes,  made  for  pressures  up  to 
225  lbs. 

(2)  The  locomoliva  boiler  and  gunboat  boiler,  having  tubes  extending  in 
lino  beyond  the  fire-box  or  combustion  chamber,  made  for  pressures  up  to 
200  lbs. 

(3)  The  tiAulouM  boiler,  composed  wholly  of  large  straight,  or  nearly 
straight,  tubes  and  their  connections,  made  for  pressures  up  to  300  lbs. 

(4)  The  expret$  water-tube  boiler,  having  small  straight  or  bent  tubea, 
and  made  for  pressures  up  to  260  lbs. 

The  Bectangolar  BoUer,  now  in  use  only  in  old  warships  and  a  few 
modem  paddle  steamers,  was  made  in  two  distinct  ways,  and  known  as  a 
dryboUom  or  toethoUom  boiler.  The  wet-bottom  boiler  was  so  called  because 
the  furnaces  were  inside,  and  independent  of  the  shell,  and  wholly  eur- 
roonded  with  water — that  is,  the  furnaces  had  wet  bottoms. 

The  dry-bottom  boiler  differed  from  this,  inasmuch  as  the  sides  of  con- 
tii^uons  furnaces  were  nnited  at  the  bottom,  so  as  to  form  a  water  space 
between  them,  and  each  furnace  was  then  devoid  of  a  bottom,  except  the 
plate  fitted  to  retain  the  ashes,  ibo. 

When  steam  of  30  lbs.  pressure  only  was  used,  the  dry-bottom  boiler  was 
generally  found  in  merchant  ships,  while  the  wet-bottom  boiler  was  always 
employed  in  the  Navy.     There  are  still  such  boilers  in  existence  in  the 
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rig.  130.— Coohntn'B  Boiler. 
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Navj,  but  no  ihip  will  be  fitted  with  them  agtun,  even  for  such  low  prw> 
sares  m  they  worked  at,  for  a  ojlindrioal  boiler  is  Terj  mnoh  cheaper,  uid 
can  be  made  to  do  the  work. 

Coohran'B  BoUer. — Fig.  130  differed  from  the  ordinary  boiler,  having  a 
chamber  extending  from  Uie  oombtution-abamber  to  the  sinolce-boz,  in  which 
is  a  large  number  of  small  vertical  tubes.     This  has  been  called  for  dis- 


tinction a  water-tube  boiler,  because  in  it  the  water  is  inside  the  tubes,  and 
is  interesting  in  the  light  of  some  modern  inventions,  and  as  occupying  a 
place  in  the  history  of  the  water-tube  boiler.  It  was  found  by  experiment 
to  be  more  efficient  wA«n  dtan  than  the  ordinary  boiler,  but  its  sfGciency 
fell  off  as  the  tubes  beoame  dirty  ;  and  as  it  was  most  difficult  to  clean  them 
externally  as  well  as  internally,  its  general  efficiency  was  less  than  that  of  a 


CYLINDRICAL  BOILEB. 


376 


well-deBiened  boiler  on  tbe  ordinuy  pl&D.  A  good  teat  w&s  given  to  thia 
class  of  boiler  hy  the  Admindty;  H.M.S.  "Yuigaiinl"  being  fitted  with 
one  tuUf  of  the  whole  number  on  this  plan,  tind  the  other  half  of  tb«  ordi- 
narj  desigD.    It  wu  found  that 

-when   quite    clean   the  former  

evaporated  about  1  lb.  of  water 
per  lb.  of  coal  oonanmed  more 
than  did  the  latter,  but  after  a 
few  houra'  work  they  were  equal. 

Cylindrical  Boiler.— To  avoid 
altogether  the  necesaitj  for  ver- 
tical atays  a«  well  as  the  trans- 
verse horixontal  ones,  the  shell 
is  of  necesaitj  a  complete  cylin- 
der ;  and,  althongh  it  was  the 
demand  for  the  higher  pressnrea 
which  became  possible  after  the 
introdaction  of  the  surface  con- 
denser that  brought  the  cylin- 
drical boiler  into  general  uae, 
the  form  was  often  adopted  for 
pressures  as  low  as  30  lbs.  It 
is  lighter,  cheaper,  and  easier  to 
make  than  the  box  boiler,  and 
quite  as  durable  when  worked 
under  similar  conditions. 

There  are  many  varieties  of 
cylindrical  boilers  in  use,  bat 
they  may  be  divided  generally 
into  three  classes,  viz. : — 

(1)  Singla-ended,  or  aingle- 
fired  boilers.    (Figs.  132, 133). 

(2)  Dotiblo-mded,  or  double- 
fired  boilers.    (Figs.  134, 136). 

(3)  Oval  boiler.    {Fig.  131). 
The  single-ended 'boiler  has 

furnaces  and  tubes  only  at  one 
end,  and  is  constructed  tip  to 
as  large  as  17  feet  diameter  and 
12  feet  long.  The  chief  diffi- 
culty in  designing  such  large 
boilers  on  this  plan  is  to  pro- 
vide adequate  grate  area  for  the 
total  heating  snrface  which  can 
be  obtained.  The  number  of 
furnaces  cannot  well  exceed 
four,  and  is  more  generally 
three  in  large  single -ended 
boilers.  Itis  true  the  Admiralty 
had  some  OTlindrical  boilers 
made  in  1854  for  a  pressure  of 
two  below,  but  they  were  not  a 


lbs.  with  five  furnaces,  three  above  and 
being  most  difficult  to  stoke. 
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Small  boilers  bave  asnallj'  two  farnams,  aod  with  this  nninber  are  n 
efficieat  than  with  three  even  when  of  mod«nte  sise. 


The  number  and  size  of  the  ftim&cea  mast,  however,  depend  on  the  nn 
of  the  boiler  and  the  heating  surface  it  ii  to  contain.    It  ii  found  in  praotioa 
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that  luge  farnaceB  are  more  efficient  m  ooal  conanmers  than  small  ones,  and 
the  reason  is  not  far  to  seek.  The  grate  area  with  the  same  length  of  fire- 
bar increases  as  the  diameter,  white  the  section  through  which  the  air  passes, 
both  above  and  below  the  bars,  increases  as  the  square  of  the  diameter ;  it 
is  also  possible  to  give  a  good  inclination  or  rake  to  the  bars  with  a  large 
furnace,  which  vary  materiallj  assists  combustion.  In  practice  the  fire-bars 
are  not  of  conrse  always  of  the  same  length,  but  thej  do  not  increase  ia 
length  as  the  furnace  does  in  diameter,  and  consequently  the  air  passages 
increase  mors  rapidly  than  does  the  grate  area  when  the  diameter  of  furnace 
is  increased.  Vuroacea  should  not  be  less  than  36  inches,  nor  more  than  18 
inches  in  diameter,  except  under  special  circumstances.  Taking  this  as  a 
rule  for  guidance,  boilers  may  be  made  up  to  9  feet  diameter  with  one 
fumaM,  up  to  13  feet  6  inches  diameter  with  two  fiitnacee,  up  to  Ifi  feet 
with  three  furnaces,  and  beyond  that  diameter  four  furnaces  are  necessary 
to  avoid  too  long  length  of  grate. 

A  single-furnace  boiler  baa  of  course  one  combustion  chamber,  a  two- 
furnace  boiler  may  have  one  chamber  common  to  the  two  furnaces  (fig.  132), 
or  a  separate  one  to  each.  When  there  is  only  one  boiler  in  the  ship  the 
latter  plan  is  preferable,  as  then  the  bursting  of  a  tube  cannot  wholly  dis- 
able the  boiler ;  when  there  are  two  or  more  boilers  one  chamber  common 
to  the  two  furnaces  is  preferable,  as  by  stoking  the  fires  alternately  an  even 
supply  of  steam  js  kept  up  and  the  smoke  consumed.  A  three-furnace  boiler 
has  usually  three  separate  combustion  chambers,  and  the  same  remark  applies 
to  it  as  to  the  two-lumace  boiler.  The  four-furnace  boiler  has  generally  only 
two  combustion  chambers,  one  wing  and  one  middle  furnace  having  a  com- 
mon chamber;  but  some  engineers  prefer  three  chambers,  the  two  middle 
furnaces  having  one  in  common,  and  each  wing  furnace  a  separate  one. 

The  chief  objection  to  two  large  furnaces  instead  of  three  smaller,  and  to 
three  larger  ones  instead  of  four  smaller,  is  the  longer  grate  required  to  get 
the  requisite  area,  and  to  the  large  amount  of  dead  water  between  the 
furnaces  at  the  bottom.  There  is  also  to  be  considered  the  limit  placed  by 
the  Board  of  Trade  and  Registry  rules  to  avoid  risk  of  collapsing  oy  direct 
crushing  of  the  metal,  which  often  prevents  the  adoption  of  the  larger 
furnace  with  the  higher  pressures. 

It  is  unusnal  and  certainly  most  difficult  to  use  plates  above  IJ  inches 
thick  in  the  construction  of  a  boiler  shell,  and  it  is  this  consideration  which 
fixes  the  limit  of  diameter. 

The  Double-ended  Boiler  (fig.  134)  has  furnaces  at  both  ends  with  return 
tabes  over  them,  and  is  generally  tantamount  to  two  single-ended  boilers 
back  to  back,  but  with  the  backs  removed.  It  is  made  up  to  16  feet 
diameter  and  as  much  as  20  feet  long ;  but  such  very  large  boilers  are 
unusual,  partly  owing  to  the  want  of  liacUities  for  moving  such  great  weight, 
and  partly  because  the  conditions  under  which  such  large  boilera  are  pos- 
sible are  limited  to  very  large  atearoers. 

The  double-ended  boiler  ia  lighter  (vide  Table  zziv.)  and  cheaper  in 
proportion  to  the  total  heating  surface  than  the  single-ended  boiler,  and  its 
evaporative  efficiency  in  practice  is  generally  higher.  On  the  other  band, 
greater  care  is  necessary  in  designing  and  in  working  it.  That  it  is  lighter 
IS  obvious,  and  that  it  is  cheaper  may  be  inferred  from  the  fact  that  there 
is  less  material,  and  leas  labour  consequent  on  the  reduced  quantity  of 
material. 

The  simplest  form  of  this  kind  of  boiler  is  one  in  which  all  the  fdmacea 
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Open  into  oti«  oommoa  combustion  chamber  (fig.  131);  this  form,  amtou^ 
"'     ono     time      


ooongh,    is    nov    seldom 
adopted     The  objections 
to  it  sre,  that  the  burst- 
ing of  one  tube  taaj  dis- 
ftble  the  whole,  that  the 
cleaning  of  one  fire  oaoaes 
the  efficiency  to  sink  rerf 
low  on    sooount    of   the 
whole   being  afiiecAed    by 
the   ianish  of   oold   air, 
and   that   nnlees   special 
means  be  provided  to  pro- 
^     mote    proper    oiroalatioD 
£     there  is  a  strong  tendency 
§     to  prims.     Borne  of  these 
6     objections  are  got  over  by 
g     building  a  thin  brick  wall 
'^     with  speoial  bricks  across 
J    the  middle.    Mr.  Howden 
I     recommends  this  arrange- 
'^     ment  with  his  system  of 
P     foroed  draught,  such  being 
„     necessary  whenever  there 
r     is  a  ohamber  oommoa  to 
u     opposite  furnaces. 
^  The  next  simplest  form 

n     is  one  in  which  opposite 
'2     fnrnsoea  have  a  oombns- 
g     tion  ohamber  in  common 
J     (fig.    135)  — that     is,    it 
■g     differs  from    the  first  by 
(3     having    the    oombns  tion 
I     chamber    divided    longi- 
?S     tudinally  by  water  spaces. 
"     This    aroids     the     chief 
objections   raised  gainst 
the  first   form   while  re- 
taining  its  chief   advan- 
tages, which  are,  simplicity 
of  ooDstmction,  by  avoid- 
ing  tlie    flat  back   of  the 
combustion  chambers, 
with  the  necessary  stays, 
&0,,  and  the  greatest  heat- 
ing    surfftoe    within    the 
smallest  limits  of  length. 
It  is  often  urged  gainst 
tliis  form  of  boiler  that 
the  tubes  are  very  liable 
to  leakage  at  their  back  ends,  arising  from  the  rush  of  oold  air  against  the 


The  double-ended  boiler. 


f  the  furnace  opposite  it  is  open,  causing  it  to 


tnbe  plkto  when  th«  door 
buckle.  It  sometimes 
happens  that  the  tubes 
in  this  kind  of  boiler  do 
show  ft  tendency  to  le&k, 
bat  it  is  then  generally 
duetothe  want  of  expan- 
sion on  the  part  of  the 
first  row  of  stays  above 
the  combustion  chamber 
when  they  are  placed  too 
close  to  the  tubes.  If 
these  stays  are  at  least 
12  inches  above  the 
tabes  so  as  not  to  hold 
the  front  tube  plates  too 
rigidly,  then  when  steam 
is  being  got  up  the  ex- 
pansion of  the  tubes 
simply  causes  the  plates 
to  spring  very  slightly 
instead  of  to  start  their 
ends  and  cause  them  to 
leak.  The  leakage  from 
Bprioging  of  the  tube 
plate  from  exposure  to 
cold  air  can  only  take 
place  when  the  combus- 
tion chamber  is  unduly 
short,  and  when  there  is 
on  insufficient  number  of 
stays  to  the  tube  plates. 
This  particular  form 
of  boiler  is  very  generally 
osed ;  the  evaporative  re- 
salts  obtained  from  it  are 
most  satisfactory,  and  ex- 
perience does  not  show 
it  to  be  liable  to  more 
leakage  than  other 
boilers.  Common  care 
only  is  required  in  rais- 
ing steam,  and  the  open- 
ing of  fir»doors  to  check 
evaporation  is  a  repre- 
hensible practice  at  all 
times  and  for  all  boilers. 
A  brick  semi-partition  in 
the  middle  of  the  com- 
bustion chamber  will 
prevent  the  cold  air 
rushing  on  to  the  opposite  tube  plate,  and  it  acts  also  as  an  eqnalise 
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tempentare  in  th*  eomtxiBtion  ohunber  »t  all  timea.  If^  however,  tike 
eombnition  chamber  ia  too  anikll,  this  will  only  ni»gmfj  the  defoct  by 
eanaing  intanae  local  beat,  and  Ihna  tending  to  crack  the  platea. 

Another  oommon  form  of  donble-ended  boiler  haa  the  farnaoea  at  one  omd 
with  one  chamber  common  to  them,  and  thoee  at  the  other  end  with  another 
chamber  in  oommon.  The  boiler  ia  then  longer  than  either  of  the  other 
forma,  and  more  expeniive ;  the  eombnation  cbambera  have  large  flat  beckm, 
reqvirinc  a  verj  large  number  of  staya,  which  prevent  their  beuig  properiy 
cleaned  from  acale. 

The  taat  form,  which  ii  by  far  the  moat  ezpenaire  and  heaTieat,  bat  is 
now  often  adopted,  ia  one  in  which  each  furnace  haa  an  independent  com- 
hastion  chamber.  There  is  little  need  of  description,  as  it  ia  to  all  intents 
and  purposes  two  single  boilers,  except  that  the  water  and  ateam  Are 
common  to  the  two  parti.* 

Oral  Bollera  are  inclnded  nnder  the  generic  term  of  cjUndricel,  as  they 
partake  of  the  principal  featnres  of  that  class.  The  transTerse  sectioa  u, 
however,  not  an  ellipse,  bat  ia  reslljr  formed  by  two  semicircles  with  m 
rectangle  interrening.  The  flat  sides  thos  left  between  the  semi-cvlinders 
require  staying,  the  first  rows  being  at  tlie  eommencement  of  the  fl»6. 
There  are  both  single-  and  double-ended  oval  boilers,  which  for  pres- 
sures under  120  lbs.  may  be  made  both  simply  and  eoouomically  to  very 
large  sizes,  as  the  thickness  of  shell  plate  depends  on  the  diameter  of  the 
cylindrical  part.  Two  very  lai^  furnaces  may  be  thas  fitt«d  into  a 
cylindrical  part  of  comparatively  small  diameter,  snfficient  heating  surfkoe 
being  obtained  by  giving  tba  requisite  height.  This  form  ia  most  con- 
venient when  the  boilers  have  to  be  stowed  fore  and  aft,  and  the  diameter 
is  limited  by  the  breadth  of  the  ship  between  the  stringers,  and  when  forced 
draught  is  employed  they  permit  of  the  large  amount  of  heating  sur&ce  in 
proportion  to  the  grate  area  which  is  necessary  for  economic  resets. 

Holf  B  Boiler. — An  ingenious  form  of  double-ended  boiler,  used  by  Hr. 
Alfred  Holt,  consists  of  two  oval  end  parte  united  by  a  cylindrical  pu^ 
whose  axis  passsa  through  the  upper  focus  of  the  oval ;  in  the  bottom  of  the 
end  parts  are  the  furnaces,  which  are  each  connected  by  a  large  tube  to  s 
combustion  chamber  in  the  middle  of  the  cylindrical  part,  from  which  the 
tubes  extend  to  the  front  above  the  furnaces,  and  are  consequently  much 
longer  than  usually  found  in  a  marine  boiler.  These  boilers  are  made  of 
great  length,  and  practice  has  proved  them  to  be  very  good  and  efficient 
steam  generators,  lasting  very  much  longer  than  the  ordinary  double-ended 
boiler,  being  more  elastic  and  the  middle  raised  lar  above  the  influence  of 
bilge- water. 

D17  CombnstiOD  Chamber  Boiler. — The  boiler  in  this  case  is  a  simple 
cylindrical  or  oval  shell,  having  the  furnace  extending  from  end  to  end, 
and  the  tubes  over  them  likewise  from  end  to  end.  The  comhnstioa 
chamber  is  external,  and  does  not  form  an  integral  part  of  the  boiler ;  but 
ia  built  of  brickwork  so  as  to  enclose  one  end,  and  form  a  oonnection 
between  the  furnaces  and  tubes.  If  two  such  boilers  are  placed  back  to 
back  and  some  distance  apart,  and  the  space  between  them  enclosed  by 
brickwork,  a  double-ended  arrangement  is  formed  similar  to  the  first 
described,  except  that  the  water  and  steam  are  not  in  common  to  the  two 
parts,  except  by  means  of  special  connections.     Such  a  boiler  is  very  cheap 

'  The  present  luv&l  praotioe  is  to  have  a  iseparate  ohamber  to  each  foroaoe  in  all 
boilers. 
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to  m&nufacture,  u  the  wet  combustion  chamber  with  its  flat  sides  and  Btnya 
is  avoided;  the  advantage  of  two  boilers  without  their  cost  is  obtained,  and 
^e  evaporative  efficieDcy  is  very  high.  The  intense  heat  from  the  brick- 
work, however,  is  liable  to  crack  the  tube  plates,  unless  care  is  taken ;  but 
if  ample  space  is  provided  in  the  combustion  chamber,  there  is  not  so  much 
danger  of  this,  or  of  damaging  the  tube  ends. 


Such  boilers  are  now,  however,  not  so  muob  in  use ;  although,  among 
other  things,  the;  accomplished  the  perfect  consumption  of  smoke,  and 
a  very  even  rate  of  evaporation.     Their  reputation,  however,  has  been  on 
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Fig.  137.— Scotch  Hajatack  Boilw. 
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some  ocoasiona  somewhat  damaiged  by  a  too  intemperate  advocacy,  and  by 
improper  construction  and  design  of  the  combttation  chamber  -when  attempU 
ing  too  mnch  with  them. 

For  pressures  abov*  100  pounds  in  ships  liable  to  rongh  usage,  suoh 
boilers  may  be  adopted  with  advantage  on  account  of  the  absence  of  the 
internal  combustion  chamber. 

Qniiboat  Boilen  (fig.  136).— This  type  of  boiler,  first  adopted  by  the 
Admiralty  for  gunboats,  and  afterwards  chosen  for  oorrettes,  is  one  some- 
thing between  the  locomotive  and  cylindrical  boiler.  The  shell  is  cylin- 
drical, and  contains  the  furnaces  at  one  end  and  the  tubes  at  the  other,  the 
combustion  chamber  being  in  the  middle  between  them;  the  top  of  the 
famacee  is  therefore  level  with  the  top  of  the  tabes,  and  no  part  of  the 
heating  surface  is  far  removed  from  the  water  level.  The  flame  and  hot 
gases  flow  Irom  the  furnaces  into  the  combustion  chamber,  are  there  some- 
times slightly  diverted  and  spread  by  meaiu  of  a  hanging  bridge,  and  flow 
onward  with  only  this  slight  interruption  into  and  through  the  tubes  to 
the  smoke-box.  It  is  not  surprising,  then,  that  this  boiler  bums  its  coal 
freely,  and  evaporates  very  quickly  and  efficiently.  Two  such  boilers, 
having  a  total  grate  area  of  68  square  feet,  and  a  total  heating  surface 
of  oidy  2200  square  feet,  supplied  steam  to  triple-oompound  endues 
developing  over  1340  I.H.P.  The  coal  con- 
sumed was  about  36  ponnds  per  square  foot 
of  grate  per  hour ;    the    weight    of  water 

evaporated    by  one    pound    of    ooal,   at    a 

somewhat    reduced    speed,    was    about    9 J 

pounds. 

The  chief  objection  to  this  class  of  boiler, 

which  prevents  its  more  general  adoption  in 

the  mercantile  marine,  is  the  great  length 

required ;    a  stokehole  is  necessary  at  the 

back  end  to  get  at  the  tubes,  and  to  admit 

of  the  emoke-box,  &a. ;  and  the  total  heating 

surface  is  also  very  small  for  the  space  occu- 
pied by  it.     It  is,  however,  very  convenient 

for  shallow  ships;  when  it  is  necessary  to 

have  clear  decks,  and  has  consequently  been 

used  for  modem  express  river  steamers. 
Vertioal  Cylindncal  Boiler.— This  kind  of 

boiler,    with    many   variations  of  internal 

arrangement,  is  nsed  for  auxiliary  purposes, 

and  tnen  generally  called  the  donkey  boiler. 

On  a  lai^e  scale  it  is  much  used  by  Scotch 

engineers  for  river  steamers,  where  rapid 

evaporation    is  of   more    importance    than 

economy  of  fuel.    It  is  light  and  inexpen- 
sive in  proportion  to  the  grate  and  heating  surface,  and  occupies  a  small 

amount  of  floor  space,  capacity  being  obtained  by  the  height.     Fig.  137 

is  a  modem  example  of  such  a  boiler  as  has  been  made  for  large  power. 

Fig.   138  is  a  design  of  vertical   cylindrical   boiler  as  invented   by  Mr. 

Ooohran,  now  of  Annan,  N.B.,  and  made  by  him  in  large  numbers  for  the 

anxiliaiy  boilers  of  large  ships  and  the  main  boiler  of  small  ones ;  it  is  a 

very  convenient  form  for  these  purposes. 


Fig.  138.— Cochran's  Boiler. 
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LocomotlTe  BoUor. — This  boilw  hu  »  lir»-box  of  rectangular  sectiaii, 
both  huruontallj  and  verticallj,  enclosed  in  a  shell  of  aomewhat  tunii^r 
■bape,  except  that  the  top  is  often  semi-oyliDdrical.  The  tubes  are  oontauied 
in  a  qylindrical  barrel,  extending  horixontallj  from  the  fire-box  shell,  &iid 
at  the  end  of  this  is  the  unoke-box.  As  the  name  implies,  it  is  simiLkr  to 
the  boiler  of  the  ordioary  looomotire. 

This  form  of  boiler  is  only  employed  in  the  steam  launches  of  the  mer- 
cantile marine,  but  it  is  used  in  the  Nary  very  extensiToly  for  torpedo 
boats  as  well  as  launches,  and  was  even  adopted  on  a  laige  scale  in  torpedo 
gunboats,  as  well  as  in  some  of  the  early  Destroyers.  It  is  a  very  oon- 
venient  form  for  the  naval  service,  as  it  is,  with  the  exception  of  wat«r-tube 
boilers,  the  lightest  kind  of  boiler  for  the  heating  snr&oe  contained  ; 
and  as  it  is  invariablv  used  now  with  an  artificial  draught,  the  smallaess  of 
the  grate  area  is  no  detriment  to  it.  It  is  also  especially  well  adapted  for 
high  pressures,  as  the  flat  surface  can  be  stayed  withont  affecting  the 
accessibility,  and  the  cylindrical  barrel  is  of  such  small  diameter,  as  to  be 
made  of  very  light  plates  for  even  very  high  pressures.  Much  difficulty 
is,  however,  found  in  keeping  the  tube  ends  tight,  especially  when  the 
draught  is  forced  much  ;  and  when  pressed  to  their  utmost  capability  with 
engines  having  large  cylinders,  they  are  very  liable  to  prime  excessiTely. 
The  only  part  which  presents  any  difficulty  of  oonstraction  is  the  furnace 
orown,  which,  being  flat,  requires  an  extensive  amount  of  stays,  &o.,  and 
as  the  evaporation  is  very  rapid  from  it,  there  is  great  liability  of  a  heavy 
scale  being  formed  if  any  sea  water  is  used,  which  prevents  the  heat  from 
passing  to  the  water,  and  causes  it  to  destroy  the  plates. 

It  has  the  disadvantages  of  the  gunboat  boiler,  and  on  that  account  is 
not  likely  to  be  used  in  the  merchant  service,  exoept  in  very  light-draught 
river  steamers  in  the  colonies,  where  it  has  for  many  years  done  good 
service. 

W6t>Bottom  LocomoUTe  BoUeni.— The  success  of  the  locomotive  boiler 
for  naval  purposes  caused  the  authorities  to  adopt  them  for  a  bigger  class 
of  ship,  as  well  as  for  a  large  number  of  Torpedo  gunboata.  A  modi- 
fication of  the  design,  however,  was  made,  which  converted  it  into  a  wet- 
bottom  boiler,  the  air  being  admitted  beneath  the  bars  through  an  aperture 
in  the  front,  as  in  the  furnaces  of  the  ordinary  boiler.  The  change,  how- 
ever, was  a  most  unfortunate  one,  as,  with  the  exception  of  those  fitted  by 
Laird  Brothers  in  H.U.8.  "  Rattlesnake,"  and  others  like  them,  this  form  of 
locomotive  boiler  has  proved  troublesome  and  inefficient.  The  circulation  is 
bad,  so  that  the  tube-ends  at  the  fire-box  are  so  serionsly  affected  as  to 
cause  considerable  leaks  and  general  trouble.  The  tubes  are  much  nearer  to 
the  fire  than  in  the  ordinary  locomotive  boiler,  and,  conseqaently,  become 
more  readily  choked ;  in  fact,  after  some  hours'  steaming,  owing  to  the 
formation  of  soot  in  the  form  of  a  bird  nest  at  the  end  of  each  tube,  the 
draught  is  so  seriously  impeded  as  to  render  the  boiler  practically  useless. 

The  wet-bottom  boiler,  however,  has  certain  sdvantoges  over  the  dry- 
bottom,  and,  when  carefully  designed,  may  be  fairly  satisfoctory.  Fig.  139 
shows  the  boiler  as  fitted  in  the  "  Rattlesnake,"  whence  it  will  be  seen  that 
the  flat  tubes  connecting  the  top  to  the  bottom  of  the  fire-box  provide  a 
splendid  means  for  circulation,  and  form  a  good  support  to  the  root  The 
fire-bars  must  be  lowered,  at  the  back  ends  at  least,  so  as  to  be  in  the  same 
relative  position  as  in  tbe  dry-bottom  boiler.  The  fire-box  itself  may  be 
divided  into  two  independent  parts  by  a  longitudinal  water-space,  instead  of 
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the  row  of  rertical  tubes  oon- 
nectiog  the  top  and  bottom,  a« 
in  &g.  139.  Bj  either  method 
ftn  increase  of  heating  surface 
is  made  in  the  fire-box,  and  a 
better  meaoa  of  circalktion 
prorided,  as  also  a  good  supply 
of  water  to  the  top  of  the  fire- 
box ensured. 

Double -ended  LooomotiTe 
Bdlers.— This  form  of  boiler 
consists  of  a  fire-box  with  a 
tube-barrel  at  each  end,  which 
is  to  the  ordinary  locomotive 
boiler  what  the  double-ended 
cylindrical  boiler  is  to  the 
single-ended.     The  firing-holes 

are  on  either  side,  and  in  the  g 

case  of  a  big  boiler  they  will  j! 

be  two  in  number,  so  that 
through  the  four  the  grate 
can  be  well  worked.  More- 
over, from  their  position  and 

size,     the    opening    of    them  S 

does  not  so  seriously  affect  the  || 

tube-pUtes  as  with  the  ordinary  ^ 

locomotive    boiler.    This  form  J 

of  boiler  is  much  lighter  than  | 

the  ordinary  one,  and  is  oon-  9 

venient  in  many  ways,  especi-  ^ 

ally    for     vessels    of    limited  I, 

beam.  3 

Seaton'a     Patent. —  By  "^ 

making  the  tube  barrel  of  the  ^ 

locomotive  boiler  a  truncated 
cone  instead  of  a  cylinder,  and 
arranging  the  tubes  so  that  the 
top  rows  are  nearly  horizontal, 
a  better  means  for  circulation 
is  provided  by  the  wider  Bpsc- 
ing  of  the  tubes  at  the  fire- 
box and  the  declination  of  the 
boiler  barrel  at  the  bottom, 
while,  by  the  inclination  of 
the  tubes  upwards,  a  better 
draught  is  ensured. 

DimenBionB  of  a  Boiler.— 
The  amount  of  grate  area  is 
the  consideration  which  ohiefiy 
afi'ects  the  choice  of  dimen- 
sions of  boiler,  and  to  a  very 
large  extent  the  number  and 
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form  of  the  boilen  «bo  ar«  goremed  hy  it  The  rect&ngaUr  boiler 
oould  be  made  of  Uty  hnmdtit  withoat  in  *dj  way  afFecting  its  length 
or  height,  m)  thkt  the  number  of  fiimaoet  oould  be  settled  arbitrftrily, 
end  uiT  addition  to  the  number  onlj  lueeab  aome  edditiooel  breodtli. 
In  ■mail  ahipt  with  the  boiler  ethwMtahipa  »nd  Jon  and  aft  Btokio^ 
the  breedth  of  the  ihip  does  pUoe  «  limit  to  the  breadth  of  boiler, 
even  when  rectangular,  bnt  it  seldom  operates  so  aa  to  BOrioTialy  iaterfera 
with  the  boiler  arrangement.  The  cylindrical  boiler  is  not  bo  elastic  in  the 
hands  of  the  designer ;  to  increase  the  nomber  of  fnmaoee  in  it  the  diameter 
must  be  increased,  which  means  that  both  breadth  and  height  are  affected. 
If  two  fiimaoea  of  40  inches  diameter  be  the  limit  for  a  boUer  of  10  feet  in 
diameter,  that  there  may  be  adequate  heating  surface^  and  14  feet  is  the 
suitable  diameter  for  three  furnaces  of  40  inches  diameter,  the  grate  bars 
being  of  the  same  length  in  both  cases,  the  increase  in  boiler  capacity  is  96 
per  cent,  for  an  increase  of  50  per  cent,  of  grate.  The  maHetl  diameter  of 
■hell  into  which  three  40-inch  furnaces  can  be  fitted  so  as  to  give  adequate 
heating  snrfaoe,  is  13  feet  6  inches,  which  is  an  increase  in  capacity  of  83 
per  oent.  over  the  boiler  10  feet  in  diameter.  Four  40-inch  furnaces  require 
a  shell  of  at  least  16  feet  diameter,  which  means  an  increase  of  156  per 
oenL  to  obtain  100  per  oent.  increase  of  grate.  To  arrange  four  40-inch 
furnaces  so  as  to  be  convenient  for  stoking,  a  shell  of  17  feet  diameter 
is  required,  which  means  an  increase  of  189  per  oent.  over  the  shell 
of  10  feet  diameter ;  if,  instead  of  increasing  the  number  of  furnaces 
by  increasing  the  diameter  of  shell,  the  number  of  ehella  be  increased, 
the  apace  occupied  ii  oonsiderably  in  excess  of  the  direct  ratio  of  grate 

It  ii  true  that  to  some  extent  increase  of  grate  area  may  be  obtained 
by  increasing  the  length  of  furnace,  but  the  effteienoy  of  a  grate  in  pntctioe 
is  nearly  inversely  as  its  length  ;  for  a  long  grate  oannot  be  nearly  so  well 
attended  to  oa  a  short  one,  nor  is  the  air  supply  either  under  or  over  the 
bars  so  good  with  a  long  furnace,  since  the  area  of  section  at  the  month, 
with  the  same  diameter  of  furnace,  is  the  same  Thether  the  bars  be  short 
or  long.  It  is  no  doubt  for  this  reason  that  Mr.  Macfarlane  Qray's  rule, 
that  the  ecntumption  of  eoal  u  very  nearly  proportional  to  the  diameter  qf 
/vmace,  is  found  to  be  so  correct  in  every-cUy  practice. 

Area  of  Firo  QmtO. — The  area  of  fire  grato  required  for  the  evaporation 
of  a  certain  weight  of  steam  depends  on  the  quantity  and  quality  of  the 
fuel  burned  on  it ;  the  quantity  of  coal  is  generally  dependent  to  a  large 
extent  on  the  quality,  ss  may  be  seen  by  reference  to  Table  xxiv..  Chapter 
xvii.,  and  by  the  draught.  It  maybe  assumed  that  1  pound  of  good  steam 
coal  will  evaporate  10  pounds  of  water  in  the  ordinary  marine  boiler,  7  pounds 
in  a  looomotive  boiler,  as  fitted  to  torpedo  boats,  when  not  being  forced,  and 
6  pounds  when  forced  to  the  utmost;  also  that  in  the  mercantile  marine, 
where  the  coal  is  only  of  moderate  quality,  8  to  9  pounds  is  a  fair  result,  and 
6  to  8  pounds  only  can  be  obtained  with  the  coal  supplied  in  some  foreign 
porte.  The  quantity  of  coal  burnt  on  a  square  foot  of  grate  per  hour  with 
natural  draught  is  about  20  pounds,  under  favourable  ciraum»tances ;  with 
good  stoking  on  special  bars  and  very  good  drau^t  as  much  as  25  pounds 
may  be  oonsnmed ;  but  under  ordinary  circumatanceB  and  natural  draught, 
only  15  pounds  should  be  supplied  to  obtain  complete  oombustion  and 
economical  resulta.  With  Howden's  system  of  forced  draught  and  warm 
air  50  ponnda  per  square  foot  can  be  burnt,  if  the  coal  is  &irly  good  and 
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oleuv ;  with  doaad  atokeholea,  uid  ui  aJr  presBun  of  1  inch  of  w&ter,  30 
ponuda  of  good  Welsh  And  35  of  north  oonntrj  ooal  can  be  bumL 

Fromthia  it  will  beaeen,  (1)  th&t  the  gre»teat  weight  of  stoMu  evAponted 
per  iqaare  foot  of  grate  per  hour,  under  the  moet  bvonrable  circnmstauces 
and  nktunl  drkught,  ia  10  x  25,  or  250  pounds;  (2)  tha,t  witii  bad  fuel  uid 
•oonomical  atohing  it  may  be  only  6  x  15,  or  90  ponada;  (3)  that  with 
birly  good  fuel  and  favourable  circumBtancee  it  may  be  9  x  20,  or  160  pounds, 
and  ( 4)  that  with  fairly  good  ooal  and  careful  atoking  about  150  pounds  maj 
be  expected.  In  pnutioe,  therefore,  for  abort  trial  tripe  with  picked  Welab 
ooal  and  picked  atokera,  calculationa  may  be  based  on  an  eraporation  of 
3fi0  ponnda ;  for  mail  Bteamahipa  using  good  English  coal,  calculations  should 
be  based  on  an  evaporation  of  ISO  pounds  for  natural  draught,  and  for  forced 
draught  from  270  to  400,  depending  on  the  air  pressure;  and  if  a  ahip  is 
going  to  trade  in  the  Eist  or  looalitiea  where  inferior  coal  is  to  be  used, 
the  boilers  should  be  designed  on  the  annmptioa  of  an  evaporation  of  only 
100  pounds  of  water  per  square  foot  of  grate  natural,  and  200  to  280  forced 
draught. 

If  the  weight  of  steam  required  per  hour  for  a  given  engine  be  calculated 
and  divided  by  one  of  these  numbers,  the  result  will  be  the  number  of  aqoare 
feet  required. 

If  the  draught  be  increased  by  artificial  means  to  a  still  higher  intensity, 
as  is  the  case  with  torpedo  boats,  Ac,  the  quantity  of  fuel  consumed  per 
square  foot  of  grate  may  be  as  high  as  100  pounds  per  hour,  with  an 
air  pressure  of  6  inches  in  the  stokehole ;  and  SO  pounds  with  only  3 
inches,  the  corresponding  evaporations  being  570  pounds  and  360  pounds 
per  square  foot  of  grate, 

ConBamption  of  FneL — The  consumption  of  fuel  per  I.H.F.  per  hour  for 
engines  working  at  full  power  was  4  pounds,  with  surface  condensing  expan- 
sive engines,  using  steam  of  30  pounds  pressure  above  the  atmosphere ; 
3}  to  3|  pounds  with  similar  engines  of  best  make  and  large  stie ;  2  J  pounds 
with  compound  engines  whan  forced,  and  2^  to  2  j  pounds  when  of  moderate 
size  and  working  at  two-third  power ;  2^  pounds  with  compound  engines  of 
moderate  size  and  as  generally  fitted  in  Uie  mercantile  marine  when  working 
at  full  speed ;  2  pounds  with  mercantile  compound  engines  well  designed 
and  carefully  worked  at  sea  full  speed;  1}  ponnda  with  large  compound 
engines  when  working  at  aea  full  speed  under  &vourable  ciroumstancea ; 
11  pounds  with  good  triple-expansion  engines  using  English  and  Welsh 
coal  of  good  quality,  and  1)  pounds  when  ordinary  ateam  coal  is  used; 
1^  to  1)  pounda  with  triple-  and  quadruple-expansion  engines  using  steam 
at  200  to  IRO  pounds  pressure;  the  consumption  of  water  with  these 
latter  engines  being  about  12^  pounds;  the  consumption  in  torpedo  boats 
with  compound  engines  is  3}  to  4  pounds  when  working  nearly  full 
speed,  and  2^  pounds  with  triples  in  Destroyers,  In  H.M.  Navy  oaitig 
Welsh  ooal  and  an  air  preaaurs  of  }  inch  of  water  the  consumption  is 
1'76  pounds  including  auxiliaries  ;  with  Howden's  system  in  the  mercantile 
marine  1*26  to  1*4  pounds  of  good  Welsh  coal  with  large  enginea  and 
1-33  to  16  with  soialler  is  general.  With  super-heaters  for  Sie  ateam 
in  addition  to  the  hot  air  of  the  Howden  and  Ellis-Eaves  systems  the 
consnmption  ia  still  lower,  and  generally  does  not  exceed  1^  pounds  per 
I.H.P,  per  hour. 

Assuming  the  consumption  of  coal  to  be  1^  pounda  per  I.H.P.  per  hour, 
and  the  grate  to  burn  16  pounds  per  square  foot,  there  should  be  0-1  square 


TUBE  BURFACE.  380 

foot  of  grate  per  I.H.F.  If  the  sea  full  speed  I.H.F.  of  » tnerchaat  ship  be 
maltiplied  by  O'l,  the  reanlt  is  the  gtAto  area  required  for  that  power. 

On  trial  trips  with  good  coal  and  good  stoking,  and  the  engines  working 
at  fnll  speed,  the  triple-compound  engine  will  develop  14  I.H.F.  per  square 
foot  of  grate;  hence,  one-fourteenth  of  a  square  foot  per  I.H.F.  may  be  bOten 
as  the  proper  allowance  in  designing  furnaces  for  engines  to  develop  a  cer> 
tain  power  on  a  trial  trip  or  other  favonrahle  occasion. 

As  the  sea  full  speed  power  is  usnallj,  on  long  voyages,  about  three- 
foortha  that  developed  on  a  trial  trip,  the  proportion  of  -^  k  iV  '^''  ^'^^^  of 
a  sqnar*  foot  per  I.H.F.  developed  at  sea,  corresponds  with  that  given  above. 
With  the  higher  funnels  now  supplied  to  steamships  better  results  are 
obtained,  and  it  is  found  that  even  0*08  square  foot  per  I.H.F.  as  developed 
at  sea  is  sufficient 

Heating  Snrfoce. — Strictlv  speaking,  all  surfaces  exposed  to  heat  which 
are  capable  of  absorbing,  and  their  bodies  of  transmitting,  that  heat  to  the 
water  or  steam  are  heating  surfiwes ;  but  technically  only  certain  parts  are 
reckoned  as  effective  heating  surface,  and  the  aggregate  of  such  surfaces  ia 
called  the  total  keatitig  mr/ace.  The  surface  of  the  upper  half  of  the  furnace, 
or  the  part  above  the  level  of  the  fire-bars,  that  of  the  combustion  chamber 
above  the  level  of  the  bridges,  and  back  plates,  including  the  actual  surface 
of  the  back-tnbe  plates,  are  reckoned  as  the  effective  heating  snrface  of 
furnaces  and  chamoera,  and  are  stated  separately,  chiefly  on  account  of  the 
metal  forming  them  being  three  to  four  times  the  thickness  of  the  tubes. 
The  surface  of  the  tubes  measured  externally — that  is,  the  area  obtained  by 
multiplying  tiie  external  circumference  by  the  length  between  the  tube 
plates,  la  called  the  lube  tutface. 

The  Admiralty  reckon  tube  snrface  by  taking  the  area  obtained  by 
multiplying  the  external  circumference  by  the  length  ovm-  the  tube  plates ; 
and  in  reckoning  the  total  heating  surface,  the  surface  of  the  back  tube 
plates  is  omitted.  The  calculation  is  in  this  way  simplified,  and  the  total 
healing  surface  is  practically  the  same  as  if  calculated  strictly,  for  the  surface 
of  the  parts  of  the  tabes  covered  by  the  plates  is  very  nearly  the  same  as 
that  of  the  back  tube  plates. 

Tbtjront  tube  plates  should  be,  and  usually  are,  omitted  in  calculating 
the  total  heating  surface,  as  they  cannot  be  considered  as  eflective. 

The  amount  of  total  heating  surface  must  depend  on  the  quantity  and 
quality  of  the  fnel  burnt  on  the  grates  in  a  fixed  time — that  b,  on  the 
quantity  of  beat  generated  in  a  unit  of  time,  and  also  on  the  quality  of  the 
surface,  ice.  But  since  a  grate  may  at  some  time  have  to  burn  the  best  of 
fuel,  and  the  engine  to  have  the  advantage,  the  total  heating  surface  should 
be  adequate  for  such  an  occasion.  If,  however,  no  increase  in  engine  power 
is  required,  the  damper  must  be  partly  closed  or  a  portion  of  the  gnte 
bricked  up  ;  the  latter  is  by  far  the  better  plan  on  economic  grounds,  as  the 
brighter  toe  fire  the  more  eflective  is  the  combustion,  and  the  consumption 
correspondingly  decreased. 

Tnbe  Snmce. — When  poBsible,  there  should  be  1  0  square  foot  of  copper 
or  brass  tube,  and  1'33  square  feet  of  iron  tube  for  each  pound  of  coal  burnt 
per  hour;  that  is,  in  the  ordinary  marine  boiler  there  should  be  about 
20  square  feet  of  brass  tubes,  and  about  27  square  feet  of  iron  tubes  per 
square  foot  of  grate. 

Since  on  trial  trip  with  compound  engines  10  I.H.F.  were  usually 
developed  per  square   foot  of  grate,  there  should  be  2  square  foet  ol 
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bniBs,  uid  2'7  square  feet  of  iron  tubes  per  I.H.P.  developed  an  tri&l  trip, 
or  2'66  and  3-6  square  feet  respectively  per  LH.P.  developed  at  sea.  And 
■inoe  with  triple-expanaioa  engines  and  natural  draught  aa  much  aa  14  T.H.P. 
are  developed  from  a  square  foot  of  grate,  there  need  only  be  1'93  square  feet 
of  iron  tube  surface  per  I.H.P,  in  the  boilers  for  them.  When  weight  of 
boiler  is  of  as  much  consideration  as  eoonomj  of  fuel  1-76  sqnare  feet  of 
tube  surface  per  I.H,F.  is  sufficient  with  triple-expansion  engines.  With 
forced  draught  by  closed  stokeholes  and  30  to  40  pounds  of  coal  are  con- 
sumed the  heating  sur&oe  per  foot  of  grate  must  be  accordingly  increased ; 
the  tube  surface  should  be  therefore  still  1-33  feet  per  pouna  of  fuel,  and, 
oonsequently,  40  to  03  times  the  grate  area. 

Total  Heatlog  Snifiice. — The  ratio  of  tube  surface  to  the  total  heating 
surface  ii  about  0-8  in  the  single-ended,  and  from  0-83  to  0-88  in  the  double- 
ended  cylindrical  boilers;  taking  the  average  at  0-84,  the  following  will  b« 
the  allowance  of  total  heating  surface  based  on  the  above  ooosideratioD : — 

TABLE  XXVI.— Total  Hbatiho  Sobtaos. 


nil  TrW  Trip  Kcmlta. 

lIsTsl  Pncttoa. 

UerauitUoFnetlog. 

Diio^l. 

DrsngW, 

ssss. 

Fgr»d 
Drwi^t. 

Cylindriud  boilenh  totnl  h<«tiiiB  nrfaoe  per 
pound  of  oool  per  hour,   .... 

Cylmdriokl  boilers,  to(«l  hMling  suriaoe  per 
square  foot  of  grat«  area, 

I.H.P.,  ordinary  ooropound  eDgines, 

I.H.P.,  triple  oompouDdenginee,    - 
Cjlindrioal  boilers,  total  heating  frarfftoe  per 

Water-tube  boilen,  total  heating  surfaoe  per 

Bzwees  boiler*,  total  heating  surtaoe  per 

CyllDdrioid  bc^lere,  total  heaUog  «?fliU  pe^ 
IH.P..  triple,  loog.voyageaips,  -       • 

27-0 
2-78 
2-26 

2'40 

110 
300 
8-70 
1-90 

2'30 
2  20 

1-60 
33-0 
3-7G 
2-6B 
2-42 
3-75 

8-0 

1-33 
40  to  60 
3-6 
2-0 
I-9G 

2-2B 

The  total  heating  surface  in  the  locomotive  boiler  of  torpedo  boats  should 
be  baaed  on  considerations  similar  to  the  foregoing;  but  as  weight  of 
machinery  is  of  more  consequence  than  economy  of  fuel,  and  as  economy  of 
fuel  can  be  effected  by  working  at  reduced  speeds,  such  as  would  be  necessary 
from  other  considerations  when  making  long  runs,  the  beating  surface  is 
not  generally  so  large  as  would  be  thus  given.  For  example,  a  torpedo 
boat  burns  nearly  100  lbs.  of  coal  per  square  foot  of  grat«  per  hour  when 
running  at  full  speed  with  k plenum  of  6  inches;  by  the  rule  given  for 
ordinary  boilers,  there  should  be  119  square  feet  of  heating  surface  per 
square  foot  of  grate ;  in  practice,  however,  there  are  only  34  square  feet. 
When  the  plenum  is  only  2  inches,  about  50  lbs.  of  coal  are  consumed  per 
square  foot  of  grate,  and  although  the  above  allowance  of  besting  sur&oe  is 
small  for  this  quantity  of  coal  burnt,  it  is  more  in  aooordance  with  what  ii 
necessary  for  economical  evaporation,  and  experiments  have  shown  that  the 
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evaporative  effioiencjr  ia  then  nearly  20  per  cent,  higher  than  at  full 
speed.  The  looomotiTe  boiler  under  these  cironm stances  is  a  rapid 
generator  of  steam,  if  not  an  eoouomical  one;  for,  with  ap^umof  6  inones, 
18  pounds  of  water  are  evaporated  per  sqnare  foot  of  heating  aur&ce,  and 
nearly  11  poonds  with  the  2  inches.  The  modern  locomotive  boiler  on 
railways  has  usually  from  60  to  90  square  feet  of  heating  surfoce  per  square 
foot  of  grate,  and  the  consumption  of  ooal  ia  about  65  pounds  per  square 
foot  per  hour;  as  much  as  130  pounds  of  coke  have  been  consumed  on  each 
square  foot,  each  pound  of  coke  evaporating  lO-O  pounds  of  water,  which  is 
about  the  same  quantity  evaporated  per  pound  of  coal  in  a  somewhat 
similar  boiler.  When  possible,  therefore,  the  boiler  of  yachts  and  launches, 
which  are  required  to  traverse  considerable  distances  without  coaling, 
should  be  designed  in  accordance  with  locomotive  practice,  rather  tluui 
with  that  of  torpedo  boat  builders.  The  usual  allowance  in  torpedo  boat's 
locomotive  boilers  ia  about  I'C  square  feet  of  total  heating  surface  per 
l.H-P.  developed  on  trial  trip ;  and  23  I.H.P.  are  developed  per  square  foot 

The  following  rule  gives  approximately  the  amount  of  total  beating 
surface  which  a  oylindrical  boiler  may  have  : — 

Total  heating  sur&oe  =  {diameter  of  shell  in  feet)* 

X  (length  of  tubes  in  feet  +  S). 

ExoTnple. — What  amount  of  beating  surface  can  a  boiler  12  feet 
diameter  contain,  the  tubes  being  7  feet  long  I 

Total  heating  surface  -  12'  k  (7  +  3),  or  U40  square  feet. 

ExamjiU. — What  heating  surface  should  a  double^nded  boiler  contain 
whose  diameter  is  10  feet,  and  the  length  of  tubes  6-0  feet,  the  combustion 
chambers  being  common  to  opposite  fnrnacest 

Here  total  heating  surface  =  10>  x  2  x  (S'6  +  3),  er  1700  square  feet. 

If  the  combustion  chambers  are  the  same  as  in  a  single-ended  boiler, 
the  quantity  will  be  the  same  as  in  two  single-ended  boilers  of  the  same 
diameter  and  length  of  tubes, 

Effldency  of  Heating  Snrfaoe. — The  rate  of  transmissioD  of  heat  from  the 
fuel  and  hot  gases  in  a  boiler  to  the  water  on  the  other  side  of  the  metal 
separating  them  depends  on  the  differences  of  temperature,  the  thickness  of 
the  plate,  its  material,  but  chiefly  the  state  of  the  receiving  and  transmitting 
sur&ces.  Some  few  years  ago  daborate  and  careful  experiments  were  made 
by  Sir  John  Dorston  and  the  late  Mr.  Blechyndeu  independently,  which 
demonstrated  that,  when  the  plate  is  clean  on  both  sides,  there  is  not  a 
great  difference  in  temperature  between  Uie  sides  of  the  plate  itself,  the  dry 
Bide  being,  in  practice,  only  67'  to  86*  F.  hotter.  If,  however,  the  trans- 
mitting side  is  dirty  with  scale,  kc,  it  may  be  very  much  greater ;  and,  if 
with  greasy  mud,  it  was  over  500*.  That  a  slight  layer  of  soot  or  tany 
matter  prevented  the  dry  side  from  getting  very  hot  was  demonstrated,  as 
also  that,  unti/  tht  plate  is  raised  to  a  certain  temperature,  the  flame  does 
not  come  into  actual  contact.  Further,  that  the  thiekneu  of  plate  when 
dean  is  not  of  much  consequenoe,  and  is  less  so  when  dirty ;  it  is,  however, 
of  some  importance  as  being  a  regulator  of  the  transmission  of  heat. 
Neglecting  thickness  altogether,  it  was  found  that  the  efficiency  varies  as 
the  square  of  the  differences  of  temperature,  and  the  following  formula  may 
be  taken  as  correct : — 
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•  Q  .  S^, 

Q  being  the  uoiU  of  beat  per  hoar  per  aqnare  foot  of  beating  Borfaca. 

T  the  temperature  of  the  hot  gas. 

t  „  „  water. 

a  is  a  factor  irhioh  Rankine  valued  at  160  to  200 ;  Blechvnden  at  40  for 
tubei  tohtn  eUatwd,  and  60  for  platea  to  |  inch  thick  uA«n  dean. 

There  ia  reason  to  think  that  Blechyndea  ia  nearer  the  truth  than 
Rankine  for  modem  boilers  worked  on  modern  conditioua. 

There  ia  ever^  reason  to  suppose  that  the  efficiency  is  sertonsly  affected 
by  auoh  ineqaalitiea  of  snr&oe  aa  permit  of  distorbing  the  flow  of  hot  gases 
OTer  it  and  thereby  bringing  really  more  beat  in  contact. 

Efflciency  of  BollerE. — Oenerally,  it  may  be  taken  that  the  efficiency  of  a 
boiler  is  best  gauged  by  taking  the  water  evaporated  by  a  pound  of  ooal 
from  and  at  21^*  F.  and  divide  it  by  the  amount  such  fuel  oonld  evaporate 
if  all  its  heat  were  used  for  the  purpose.  In  practice  it  is,  of  course, 
impossible  to  ntilisa  the  whole,  or  even  nearly  the  whole,  heat  of  oombua- 
tion.  It  is,  moreover,  not  to  be  expected  of  certain  boilers  that  the 
efficiency  so  measured  can  be  very  high,  but  it  is  neoessary  to  compare 
them  with  others  of  their  kind  as  well  as  with  boilers  generally. 

A  boiler  for  express  service,  such  as  that  of  a  torpedo  boat  or  a  short- 
distance  paaseuger  ship,  must  be  light,  and  the  measure  of  its  efficiency  for 
this  purpose  will  be  gauged  better  by  knowing  how  many  pounds  of  steam 
it  can  produce  per  square  foot  of  heating  surface  per  hour.  Now,  weight  is 
always  a  factor  of  some  value  on  shipboard.  If,  therefore,  the  amount  be 
multiplied  by  the  number  of  pounds  of  water  it  evaporates  (from  and  at 
212*  in  each  case),  or  the  number  of  pounds  of  steam  it  produces  per  pound 
of  standard  fuel,  the  result  most  express  the  general  value  of  the  boiler  for 
steamship  purposes. 

Area  tluvugh  Tubes. — The  sectional  area  through  the  tubes,  or  that  area 
through  which  the  hot  gases  and  smoke  pass  from  the  combustion  chamber 
to  the  funnel,  should  not  be  leas  than  one-seventh  the  area  of  grate  with 
the  natural  draught,  and  is  usually  about  one-fifth.  Too  large  an  aroa 
produces  a  slow  velocity,  which  permits  a  deposit  of  soot  and  ash  to  form, 
with  the  consequent  reduction  of  evaporative  efficiency.  Too  small  an  area 
checks  the  draught,  especially  when  the  surfaces  have  become  dirty.  With 
forced  draught  the  area  through  tubes  can  be  smaller  if  necessary ;  and 
when  it  is  more  than  one-  seventh  the  grate  (for  natural  draught)  it  is 
advantageous  te  have  retarden  in  the  tubes.  These  spiral  strips  not  only 
prevent  a  too  rapid  flow  of  gas  bat  force  the  hot  current  over  every  portion 
of  the  tube. 

GlVaolty  of  Boiler  Shell.— To  contain  the  requisite  heating  surface,  and 
to  leave  sufficient  steam  apace,  the  boiler  shell  should  contain  3  cubic  feet 
per  I.H.F.  for  the  mercantile  marine,  and  2-5  cubic  feet  for  the  Navy  and 
other  service  which  has  equally  quick-running  engines,  when  made  for 
compound  screw  engines,  and  2  and  1*6  respectively  for  triple  engines; 
when  for  paddle  engines  it  should  be  larger.  In  the  mercantile  marine  a 
slightly  larger  allowance  ia  aometimes  made,  especially  when  for  steamers 
mining  long  voyages.  Since  the  volume  of  ateam  pn>duced  at  a  pressure 
of  310  lbs.  IS  only  about  a  third  that  at  70  lbs.  when  the  same  weight  is 
used,  the  steam  space  for  boilers  working    at   the  high  pressures  now 
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obtaioiDg  mtty  be  considerably  less  than  waa  osna).  Good  resalta  can  be 
got  now  with  an  allowance  of  H  •»  2  cubic  feet  of  boiler  per  I.H.P.  for 
natural  draught,  and  1^  to  li  for  forced  draught.  In  bat,  the  steam  space 
muBt  bear  a  relation  to  the  high-preunre  cylinder  capacity  in  every 
caie;  the  intermittent  demand  of  the  single  high-preasure  cylinder  of  a 
paddle  engine  affects  the  equilibrium  of  the  boiler  very  differently  from 
that  of  the  two  bigh-pressore  cylinders  of  a  twin  screw  ship  running  at 
four  times  the  revolutions,  but  nsing  Uie  same  quantity  of  steam. 

Steam  Spac& — The  top  row  of  tubea  in  a  cylindrical  boiler  should  be 
not  leas  than  0-38  of  the  diameter  of  the  shell  from  the  top.  The  tubea  are 
sometimes  placed  higher,  but  there  is  then  risk  of  priming  from  contraction 
of  water-surface  area  ss  well  as  from  the  conformation  of  the  sides.  Priming 
is  often  due  rather  to  conbraeted  area  of  water-surface  than  to  small  steam 
space,  although  the  latter  is  generally  set  down  as  the  cause  when  the  tubes 
are  high.  If  the  water-surface  is  so  contracted  tbat  little  or  no  part  of  the 
boiler  where  there  may  be  down  currents  lies  immediately  under  it,  priming 
is  sure  to  ensue. 

The  capacity  of  the  ateam  apace  depends  on  the  quantity  of  ateam  uaed 
in  a  fixed  time,  and  on  the  number  of  perioda  of  supply  to  the  engines  in 
that  time.  The  effect  of  opening  to  the  cylinders  is  to  reduce  the  pressure 
in  ^e  steam  space,  and  if  that  reduction  in  pressure  be  sensible  there  will 
be  on  augmentation  of  ebullition  at  that  period.  If  the  reduction  in  pres- 
sure is  serious  there  will  be  excessive  ebullition,  resulting  in  priming.  For 
this  reason  a  slow-moving  paddle  engine,  which  takes  ita  steam  in  a  series  of 
gulps,  requires  to  have  boilers  with  much  larger  ateam  space  than  is  neces- 
aary  for  fast-running  screw  engines  using  the  same  weight  of  steam. 

There  should  be  0*8  of  a  cubic  foot  of  steam  space  per  I.H.P.  for  a  slow- 
running  paddle  engine,  and  065  of  a  cubic  foot  per  I.H.P.  for  compound 
■crew  engines,  and  as  low  as  0-56  of  a  cubic  foot  for  fast-running  mercantile 
and  naval  screw  compound  engines.  Boilera  for  triple-  and  qnadrnpte-expan- 
■ion  engines  may  have  25  per  cent.  less  steam  space  than  thta  with  natural 
draught,  and  60  per  cent,  less  with  quick-running  ones  and  forced  draught. 
The  amount  of  ateam  space  in  a  boiler  is  not  dependent  on  the  weight  of  steam 
uaed  per  stroke,  but  on  the  volumt,  and  for  that  reason  a  boiler  constructed 
for,  say,  200  lbs.  pressure  does  not  require  so  much  ateam  space  as  a  similar 
boiler  constmcted  for  only  15  lbs,  pressure ;  for  if  both  boilers  have  the 
iame  grate  area  and  heating  surface,  they  will  evaporate  the  same  weight  of 
ateam,  but  the  volumes  will  be  na  3  to  8  nearly.  If  these  two  boilera  supply 
steam  at  the  same  rate  to  engines  running  at  the  same  number  of  revolu- 
tions, their  ateam  apaces  may  be  as  3  to  8  oearly. 

It  is  no  doubt  on  account  of  the  high  pressure  and  large  number  of 
revolutions  of  engines,  together  with  the  shaking  when  running,  that  a 
locomotive  boiler  works  so  well  without  priming,  in  spite  of  the  small 
steam  space  and  contracted  water  surface. 

Area  of  Uptake  and  Fannel  Sections. — Although  in  practice  the  funnel  is 
often  designed  to  suit  the  general  appearance  of  the  ship,  and  it  is  also  found 
that,  whereas  some  engineers  prefer  a  small  high  funnel,  there  are  othera 
who,  for  good  reasons,  resort  to  the  practice  of  making  the  funnel  short  and 
of  large  diameter;  still  there  is  undoubtedly  a  certain  diameter  and  a  certain 
height  that  will  give  the  best  result,  and  that  cannot  be  determined  from 
external  considerations.* 

*  CoDsnlt  Index  for  other  infonnation. 
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In  the  Nkvy  with  nfttorftl  dr«nglit  the  Auinel  u  oenftlljr  made  with  ■ 
Boctional  area  eonal  to  one-eighth  the  arta  of  the  gratt  (oatnnkl  diwight  lixe^ 
In  the  mercaDtile  marine  a  aomewhat  larger  faanel  usoailj  obtains,  the  area 
being  from  one-fourth  to  one-«ixth  that  of  the  grate ;  in  general  practice  a 
funnel  whose  sectional  area  i>  one-fifth  to  one«ixth  that  of  the  grate,  and 
whose  top  ii  at  Uut  40  feet  from  the  level  of  the  grate,  will  give  a  very 
good  result.  The  objections  to  a  large  funnel,  beyond  that  of  epaoe  occapied 
and  cost,  ara  resistance  to  the  wind  and  large  surface  exposed  to  the  cooling 
action  of  both  wind  and  water,  whereby  the  hot  column  within  "is  Mrtiallj 
oooled,  and  the  dranght  thereby  checked.  On  the  other  hand,  a  small  funnel 
ia  liable  to  becbme  excessively  hot,  and  when  the  fires  are  freshly  charged  to 
become  choked  with  smoke,  and  at  all  times  it  tends  to  check  the  draught. 
The  fnnnel  of  a  warship  may  be  small,  because  it  is  so  seldom  that  the 
boilers  are  urged  to  the  utmost,  and  it  must  be  as  small  as  possible  for 
obvious  reasons.  When  the  draught  is  forced  either  by  a  blast  or  by  other 
artificial  means,  the  funnel  may  be  short,  and  of  comparatively  small 
diameter.  The  area  at  the  base  of  a  locomotive  boiler  is  seldom  more  than 
one-tenth  the  area  of  fire  grate,  and  often  as  small  as  one-twelfth.  The 
size,  for  appearance  sake,  ia  now  got  by  making  the  enter  casing  of  the 
required  form. 

Area  of  Foimel  Section  should  be  such  that  (I)  for  natural  draught 
Merchant  service  condition  there  are  1*26  square  inches  for  each  pound  of 
(nel  consumed  per  hour,  or,  say,  1*88  squara  inches  per  I.H.P.  of  trial  trip. 

12)  For  Naval  service  and  short  Express  service  oonditioos  there  should 
'7  square  inches  with  assisted  draught,  and  1'25  with  forced  draught 
perl.H.P.  of  trial  trip,  or  0-d  inch  per  pouzul  of  coal  burned  per  hour. 

Diameter  funnel  in  inches  —  ^/LH.P.  x  P. 

For  ordinary  Merchant  steamer  F  =  2-38  natural  draught. 

„    Naval  or  Express  „        F  =  2-16  assisted       „ 

„  „  »       F  -  1-66  forced 
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CHAPTER  XIX 

WATBB-TUBt     BOILKBS. 


SuoB  boilen  aa  are  oomposod  wholly,  or  neu-];  wholly,  of  bowU  tnbeo,  ate 
called  sometiiiiu  "tubuloug"  boUera  and  sometiiiiM  "water-tube"  boilere; 
in  modem  times,  the  l&tter  n&me  htu  been  the  moat  general.  Singnlar  to 
Mj,  the  same  caaiea  that  have  brought  thu  type  of  boiler  to  the  front  in 
our  time  operated  seventy  years  ago  on  the  minds  of  the  engineers  of  that 
day,  BO  aa  to  produce  many  inventions  and  numerous  patents,  some  of  which 
are  tlie  prototypes  of  the  moat  successful  boilers  of  their  kind  in  use  at  the 
present  time.  Others,  while  displaying  a  very  considerable  knowledge  oi 
the  laws  governing  the  olrcnlation,  so  necessary  for  the  snocess  of  every 
boiler,  and  indicating  a  mechanical  knowledge  of  the  highest  order,  were 
almost  impossible  of  manufacture  then,  and  have  not  survived,  owing  to 
their  inferiority  to  other  designs.  In  the  third  decade  of  the  mneteeoth 
century,  when  the  railway  locomotive  bad  been  tried  and  fonnd  to  be  a 
success,  many  minds  were  engaged  on  designing  and  perfecting  steam- 
dnvea  road  carriages ;  in  other  words,  they  were  attempting  to  substitute 
for  the  stage  ooai£  and  the  four-horsed  travelling  carriage  a  similar  oon- 
veyaaoe  with  a  steam  engine  as  the  motive  power.  Now,  on  an  iron  track 
the  weight  of  the  engine  was  not  of  very  serious  moment ;  but  to  run  saooess- 
fully  on  a  turnpike  road,  without  doing  such  damage  as  would  prohibit  its  ni 


such  machinery  was  neoessaril;  aa  light  aa  possible,  because  it  was  carried 
on  the  same  four  wheels  as  the  passengers  and  luggage  had  hitherto  been 
carried.    Naturally,  therefore,  attention  was  drawn  to  the  boiler  as  being  by 


far  the  heaviest  part  of  the  machinery,  and  of  that  part  the  water  was  no 
ioconsiderable  item  ;  hence,  engineers  availed  themselves  of  their  knowledge 
of  the  properties  of  the  cylinder  to  devise  boilers  on  the  tnbulons  system. 
Of  them,  by  far  the  most  ingenious  were  those  patented  by  the  well-known 
Ooldsworthy-Ourney  in  1627;  the  best  of  which  consisted  of  a  horizontal  oylin- 
drical  drum  on  the  top,  and  a  somewhat  smaller  drum  at  the  bottom,  these 
two  being  connected  by  down-cast  pipes  at  the  ends,  and  by  ap-oaat  pipes  at 
the  sides,  the  latter  being  in  the  shape  of  the  letter  S,  and  each  pair  together 
forming  the  figure  8  (see  fig.  140).  This  boiler  is  interesting,  as  being  the 
forerunner  and  type  of  the  Thomycroft  (fig.  149)  and  other  similar  boilers 
of  to-day.  There  were  other  forms  almost  equally  interesting,  especially 
one  in  which  the  up-oast  tubes  connecting  the  upper  and  the  lower  drums 
being  like  the  letter  U,  projecting  horizontally,  as  in  the  case  of  the  Da 
Temple  boiler,  and  had  the  fire  underneath  them.  In  another  ingenious 
design  by  the  same  gentleman  there  was  a  similar  boiler,  but  with  one  nest 
of  larger  tubes,  the  bottom  parts  of  the  nest  forming  Uie  fire-grate;  while 
in  yet  another  instance  an  ingenious  arrangement  was  efiected  by  having 
two  seta  of  tubes  (right  and  lefVhanded)  on  fiiis  system,  and  interlaced  into 
one  anotlter  so  as  to  form  a  central  furnace,  the  fire-bara,  of  course,  being  the 
lower  part  of  the  tubes.    Gumey's  boiler  was  intended  for  a  working  pree- 
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aure  of  130  lbs.  per  iquare  inch  ;  but 
that  ateam  of  much 
higher  preaaure  might 
be  used,  uid  it  waa  pro> 
babl;  only  the  wont  of 
meana  of  manofactore 
uid  tfaeabaeooeof  arait- 
able  design  of  engines  for 
anch  preaanrea,  aa  well  rs 
the  neceisitj  for  obtain- 
ing  pore  water,  that  pre- 
vented the  general  use 
of  the  tobalons  boiler  at 
a  very  early  date. 

From  the  beginning 
of  the  nineteenth  cen- 
tury engineers  have, 
both  in  thia  oonntry  and 
America,  tried  the  water- 
tnbe  type  of  boiler  for 
high-preaanre  ateam. 
Tlu.t  made  by  Col. 
Stevena  in  1805  coo- 
aiated  of  copper  tabes 
1  inch  diameter  and 
about  4  feet  long.  From 
his  time  to  the  present 
the  number  of  inrentionB 
of  a  tnbulona  form  of 
boiler  ia  almost  legion, 
as  every  engineer  at  some 
time  of  his  life  has  ex- 
perienced the  necessity 
to  satisfy  one  or  other  of 
the  conditiona  that  make 
the  tubnlouB  boiler 
superior  to  every  other 
form.  These  conditiona 
may  be  laid  down  aa — 

(1)  Simplicity  of  form 
of  element. 

(2)  Simplicity  of  con- 
atruction  due  to  amall- 
neaa  and  lightneaa  of 
element. 

(3)  Great  strength  of 
element  in  proportion  to 
the  working  pressare  and 
ooQsequent  large  margin 
of  aafety. 

(4)  Small  quantity  of 
vater  contained,  especially  ii 


n  in  those  daya  it  waa  anticipated 


proportion  to  the  wat«r  evaporated  per  hour. 
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(6)  Qeoent  lightneu  of  atmoture  compared  vitb  the  ordinary  iiurui« 
boiler. 

(6)  Immunilj  from  injury,  aad  BTentual  destructioD  by  (a)  rapidity  of 
raising  ateam,  (6)  foroiog  when  at  work,  and  (c)  sudden  cooling  by  drawing 
or  putting  out  firea. 

Every  tubnloos  boiler  worthy  of  notice  most  fulfil  the  above  req)]ir»- 
menls;  but,  to  be  encoeuful  for  everyday  use,  it  should  also  satisfy  the 
following  oonditiona : — 

(1)  The  elements  of  the  boiler  maat  be  so  disposed  and  distributed  aa 
to  be  capable  of  taking  up  tLe  heat  generated  by  the  fire  without  allowing 
to  pass  to  the  chimney  more  than  is  sufficient  for  draught  purposes. 

(3)  The  circulation  of  the  water  mnat  be  positive,  continuous,  and  uniform. 

(3)  The  internal  and  external  parts  must  be  capable  of  easy  ezamina- 
tion  and  ckaniog. 

(4)  Every  part  liable  to  deterioration  or  derangement  must  be  capable 
of  removal  with  a  minimum  disturbance  of  other  parts. 

(9)  The  steam  in  the  receiver  must  be  properly  separated  so  as  to  be 
fairly  dry. 

The  generic  form  of  a  large  class  of  water-tube  boilers  is  pretty  much 
that  shown  on  Mr.  Oumey's  design  (fig.  14U) — namely,  an  upper  chamber, 
into  which  the  steam  is  delivered  by  a  series  of  tubes  surrounding  the  fire, 
and  a  lower  chamber  or  chambers  connected  to  this  upper  chamber  by  them 
and  by  downcast  tubes,  the  latter  serving  to  keep  up  the  circulation  through 
the  other  tubes. 

Another  favourite  type,  however,  consists  of  borisoatal,  or  nearly  bori- 
sontal,  tubes  above  and  around  the  fire  oonnecting  two  chambers,  on  the 
top  of  one  of  which  is  the  steam  drum,  from  which  a  connection  is  made 
to  the  other,  to  the  bottom  by  preference,  for  proper  circulation. 

The  great  attraction  for  this  latter  type  of  boiler  is  the  ease  with  which 
the  tubes  may  be  examined,  cleaned,  or  removed,  and  the  freedom  from 

E riming  when  the  parts  are  properly  proportioned  and  arranged.  It  has, 
owever,  the  objectionable  feature  of  flat  Burfaoea  which,  in  most  of  the 
forms,  require  staying. 

A  third  type  consists  wholly  of  small  pipes,  the  steam  drum  (if  existing 
at  all)  being  in  a  rudimentary  form.  It  need  hardly  be  said  that  this  class 
of  boiler  is  the  lightest,  but  it  is  likewise  the  most  dangerous  of  the  water 
tube  type,  and  its  employment  is  dependent  on  a  regular  supply  of  perfectly 
pure  water. 

The  importance  of  the  tubuloos  form  of  boiler  has  increased  very  much 
during  the  past  few  years,  in  consequence  of  the  demand  for  extremely 
light  machinery  for  the  very  high-speed  vessels  now  required  for  wsr 
purposes,  and  the  possibility  of  employing  them  auccessfuUy,  is  the  result 
of  the  introduction  of  the  evaporator,  by  which  pnre  water  can  be  distilled 
from  sea  water.  For,  although  previously  the  surface  condenser  and  a 
very  small  supply  of  firesh  water  carried  in  tanks  permitted  of  the  use  of 
water-tube  boilers  in  the  mercantile  marine,  they  were  in  almost  every 
case  a  &ilare,  owing  to  salt  water  eventnally  being  nsed  to  make  up  the 
inevitable  losses  experienced  in  every  ship ;  but  the  failure  was  mostly  due 
to  imperfect  circulation.  It  is  a  little  singnlar  that  the  evaporator  sug- 
gested and  fitted  by  Hall  to  ships  first  having  hia  surface  condenser  should 
have  been  allowed  to  go  out  of  use  and  b^  forgotten. 
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The  genenl  adoption  of  the  triple-oom  pound  engine  was  undoubtedly 
delayed  for  many  years  in  conoeqaenoe  of  the  failure  of  the  water-tube 
boiler  in  th«  s.a.  "  Propontia,"  and  there  are  not  wanting  amongst  engineera 
to-day  tlioae  who  prophesy  confidently  similar  results  for  all  and  every 
water-tube  boiler  now  in  existence,  or  being  made.  But  it  must  not  \m 
forgotten  that,  in  past  days,  here  and  there  water-tube  boilers  have  worked 
successfully  under  the  ordinary  everyday  circa  instances  of  a  merchant  ship, 
including  the  use  of  salt  water,  and  likewise  that  the  boilers  now  fitted 
to  ships  have  better  means  for  examination  and  cleaning  than  existed  in 
former  times ;  besides  wbioh  the  supply  of  tnah  water  is  practically 
ensured. 

It  is  not  claimed  for  these  boilers  that  they  are  any  more  efiSoient  as 
steam 'generators  than  the  ordinary  marine  type  of  boiler;  but,  on  the  other 
hand,  it  is  not  admitted  that  they  are  of  necessity  worse  generators.  On 
the  contrary,  it  is  very  possible  that,  under  certain  conditions,  a  water-tube 
boiler  may  be  more  economical  in  steam  production  than  the  ordinary 
cylindrical  boiler,  inasmuch  as  it  ia  capable  of  obtaining  a  better  circulation 
with  less  energy,  and  is  not  so  liable  to  losses  by  radiation.  Ita  efficiency, 
however,  more  depends  on  clean  surfaces  and  tight  caaings  than  does  the 
tank  boiler,  and  generally  the  latter  is  easier  cleaned,  Ac.,  than  iL 

Hitherto,  in  marine  practice,  the  heating  surface  in  proportion  to  the 
grate  has  been  small,  and  the  makers  and  users  of  those  boilers  have  been 
content  with  the  other  and  real  advant^es  derived  from  them  instead  of 
striving  to  effect  economy  by  arresting  the  waste  of  heat  which  can,  un- 
doubtedly, take  place  in  some  forms.  That  the  whole  surface  of  the  tubes 
is  not  efficient  beating-^surface  goes  without  saying,  just  as  no  one  counts 
OS  heating-surface  the  lower  part  of  a  furnace  or  flue,  or  the  parts  of  a 
lAncashire  boiler  not  exposed  to  heat.  Probably  only  two-thirds  of  the 
circumference  of  the  tube  of  any  water-tube  boiler  acts  aa  real  heating- 
surface  ;  but,  for  convenience  of  expression,  the  whole  tube  hitherto  has 
been  counted,  only  to  serve  as  an  argument  to  their  detriment  by  hostile 
critics. 

It  must  also  not  be  overlooked  that,  in  some  designs  of  water-tube 
boilers,  a  considerable  number  of  the  tubes,  whose  surface  nominally  counts 
OS  beating-surface,  are  practically  not  exposed  to  heat  at  all,  but  really  act 
as  downcasts.  Beckoning,  however,  the  whole  surface  of  all  the  tubes 
which  are  or  may  be  exposed  to  heab  aa  heating-surface,  the  allowance 
should  be  40  per  cent  more  per  LH.P.  than  given  in  Table  xxvi.  for 
oyliudrical  boilers  when  weight  is  not  of  first  consideration.  In  express 
boilers,  where  weight  is  of  first  consideration,  as  low  as  19  square  feet  of 
nominal  heating-snr&oe  per  I.H.P.  has  given  very  fair  results  with  a  coal 
consumption  of  76  lbs.  per  square  foot  of  grate.  It  ia,  however,  better  to 
allow  2*2  square  feet  and  limit  the  consumption  to  65  or  TO  lbs.,  then  26  to 
29  I.U.P.  per  foot  of  grate  is  obtained,  and  1-16  lbs.  of  Welsh  coal  is  burned 
per  hour  for  each  square  foot  of  heating-surface.  That  is  to  say,  at  or  about 
200  lbs.  pressure  an  efficient  water-tube  boiler  will  evaporate  6  to  7  Iho.  of 
water  per  square  foot  of  nominal  heating-surface  per  hour. 

Grate  Area. — The  area  of  the  grat«  must  in  thia  type  of  boiler,  as  in 
•vetj  other,  depend  on  the  draught  available,  and  consequently  the  size  of 
grat«  may,  to  some  extent,  follow  the  ordinary  rales  given  elsewhere;  but 
m  most  forms  of  water-tube  boilers  it  is  not  possible  to  work  economically 
with  so  high  a  pressure  in  the  ashpit  as  is  used  with  the  locomotive  or 
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ordinary  niftrine  boiler.  la  soma  few  forms,  the  obstnictioQ  to  the  punge 
of  hot  guea  is  Bufficieutly  greftt  to  permit  of  a  higher'  proHnre,  but  in 
Almost  every  case  a  large  grate  ia  neoesury  for  the  water-tube  boiler,  in 
order  to  distribute  the  heat  evenly  over  the  whole  of  the  boiler.  Horeover, 
it  ia  not  a  good  thing  to  have  the  fire  too  intense  when  any  portion  of  the 
tabes  is  tonching  it  or  near  it ;  in  fact,  the  tnbes  which  are  contiguous  to 
the  fire,  and  receive  the  direct  radiation  from  the  glowing  oosls,  should  be 
made  of  somewhat  thicker  material  as  well  as  larger  in  diameter.  With 
Qxpresi  boilers,  and  the  tubes  arranged  nearly  vertii^  for  rapid  and  certain 
oirculation,  the  forcing  of  the  fires  may  be  made  by  an  air  pressui-e  as  high 
as  4  inches,  and  3^  to  4  inches  is  now  the  practice  for  ftill  speed  when  the 
grates  are  getting  dirty.  The  consumption  of  fuel  in  such  cases  is  6i>  to 
70  lbs.  per  sqnare  foot  of  grate,  and  2'4  to  36  lbs.  per  I.H.P.  {including 
that  required  for  steering  gear  and  all  auxiliaries).  26  to  29  I.H.P.  per 
■qnare  foot  of  grate  is  obtained. 

Tnbei. — It  ia  well  to  arrange  the  tubes  so  that  access  to  the  more  remote 
ones  permits  of  their  receiving  a  fair  amount  of  heat,  and  prevents  those 
nearer  the  flre  from  getting  an  undue  amount  As  a  rule,  the  tubes  should 
be  made  of  solid  drawn  steel,  of  best  quality.  Copper  has  been  tried,  but 
the  difhonlty  of  detection  of  a  fault  in  solid  drawD  copper  detracts  very 
much  from  its  useAilness,  and  la  more  than  a  set-off  for  the  superior  oon- 
duebirity  and  the  low  corrosive  character  of  that  metal.  The  Admiralty 
insist  on  steel  tubes  being  galvanised  on  the  outside  and  not  on  the  inside, 
the  decomposition  of  the  sine  when  inside  the  tubes  tending  to  produce 
hydrogen  gas,  by  which  an  explosion  might  be  caused  on  the  incautious 
introduction  of  a  lamp  when  empty.  No  doubt,  for  ships  liable  to  be  laying 
ap  out  of  use  for  long  periods,  the  galvanising  ia  an  advantage ;  bnt  for  a 
ship  that  is  generally  in  use,  the  necessity  for  it  does  not  exist.  There  is, 
however,  a  further  advantage  in  galvanising,  inasmuch  as  in  the  process  of 
pickling,  defects  can  be  discovered  in  the  tubes  which  might  otherwise 
escape  detection.  The  small  light  boilers,  employed  in  torpedo  boats  and 
torpedo  boat  destroyers,  have  up-cast  tubes  generally  at  least  an  inch 
external  diameter  and  from  14  to  16  L.8.G.  thick.  They  are  expanded  into 
the  tube  plates  in  the  usual  way,  and  when  stay  tubes  are  not  used,  the 
ends  are  slightly  drifted  so  as  to  prevent  drawing :  if  the  tubes  are  gal- 
vanised, it  is  better  to  remove  the  zinc  from  the  part  fitting  into  the  tube 
filate.  For  general  purposes  an  inch  tube  is  too  small,  except  in  steam 
aunches ;  in  ordinary  meroliant  ships,  as  in  the  larger  vessels  for  naval 
service,  the  tubes  should  be  1^  ins.  to  2  ins.  diameter  in  certain  forms  of 
boilers,  such  as  the  Thomvcroft,  Yarrow,  or  Normand,  and  from  1^  ins.  to 
3  ins.  in  those  boilers  in  which  the  tubes  are  horirontal,  or  nearly  so.  In 
the  mercantile  marine,  where  weight  ia  not  of  such  paramount  importance^ 
the  tubes  of  the  horizontal  boiler  may  be  even  somewhat  larger  still, 
especially  those  in  the  immediate  vicinity  of  the  fire. 

CircaJating  Tabes. — The  down-cast  pipes  are  better  to  be  of  compara- 
tively large  size  and  few  in  number,  so  situated  as  not  to  be  exposed  to 
heat  sufficient  to  convert  them  into  upcasts,*  and  to  be  in  the  way  of  the 
natural  horizontal  flow  of  the  water  current  in  the  steam  receiver.  These 
down-caat  pipes  are,  as  a  rule,  3  inches  to  6  inches  diameter,  bnt  when  a 

*Mr.  Ybitow'b  experimenla  show  that  the  down-oast  pipes  may  be  heat«d  to 
advantage  under  certain  oonditiaoB,  but  it  ia  certain  that  the  continuouB  flow  most  not 
be  jeopudised. 
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water  wall  is  formed  b^  tubes  placed  touching  one  another  in  the  main 
part  of  their  length,  but  their  ends  worked  zig-zag  fashion  at  the  upper  and 
lower  receivers,  thej  may  be  of  the  same  size  as  the  ordinary  tubes,  these, 
of  course,  acting  as  down-casts. 

Stays. — In  aeaigning  a  water-tube  boiler  the  same  care  must  be  exercised, 
as  with  the  ordinary  boiler,  in  arranging  the  stays  so  as  to  resist  deformation 
and  destruction.  Many  engineers,  following  the  example  of  their  locomotive 
brethren,  depend  on  the  ordinary  tubes  to  effect  this  purpose ;  and,  no  doubt, 
BO  long  as  they  are  in  normal  condition  they  may  be  relied  upon;  but  when 
the  boiler  is  such  that  the  tube  ends  might  at  any  time  become  abnormally 
hot  and  be  suddenly  cooled,  it  would  not  be  safe  to  depend  on  ordinary 
tubes  for  holding  the  parts  together.  When  straight  tubes  are  employed, 
stay  tubes  may,  of  course,  be  fitted,  aa  in  the  ordinary  boiler.  General  stiff- 
nesB,  as  well  as  local  stiffness,  is  uBoally  obtained  by  making  the  tube  plates 
abnormally  thick,  and,  when  the  tube  plate  forms  the  part  of  a  cyUndrical 
drum,  this  thickness  is  necessary  for  strength  to  resist  tangential  straioB. 

Steam  Dmina. — The  size  of  the  steam  receiver  is  dependent,  aa  usual,  on 
the  volume  of  steam  produced,  and  in  order  to  keep  the  size  as  small  as 
possible,  aa  well  as  to  prevent  priming,  it  is  customary  to  work  these  boilers 
at  a  very  high  pressure,  there  being  little  difference  in  weight  between  such 
a  boiler  and  one  mode  for  a  much  lower  preaBure.  The  requisite  pressure  at 
the  engine  is  maintained  by  means  of  a  reducing  valve.  If,  however,  the  , 
boiler  is  to  be  worked  at  the  same  preasure  aa  the  engines,  and  that  pressure 
is  only  180  lbs.,  the  steam  dome  must  be  of  considerable  size ;  in  fact,  it 
must  follow  the  rules  laid  down  for  ordinary  boilers ;  it  is  better,  however, 
to  use  water-tube  boilers  with  higher  pressures,  200  lbs.  being  about  the 
lowoBt  advisable. 

Tha  Two  Types. — The  modem  marine  water-tube  boilers  may  be  roughly 
divided  into  two  clasBes,  the  one  having  large  or  comparatively  large  tubes 
and  suitable  for  large  ships  and  long  runs,  the  other  having  small  tubes  and 
suitable  for  small  ships  or  for  short  runs  at  very  high  apeed,  ajid  conse- 
quently called  "  Express  Boilers."  Each  of  these  can  be  subdivided  into 
two  divisions,  the  one  having  drowned  tubes  {that  is,  tubes  whose  upper 
ends  are  submerged  in  water),  and  the  other  having  the  upper  ends  exposed 
to  steam  only  when  the  circulation  is  maintained  by  priming  or  raising  of 
the  water  with  the  steam  in  the  pipes,  and  the  discharging  of  it  into  the 
bottom  of  the  steam  receiver.  It  ib  claimed  by  the  makers  of  the  latter 
class  that  the  ateam  obtained  is  quite  as  dry  as  that  produced  by  the  sub- 
merged tube  boiler.  Of  course,  dash  plates  and  other  means  are  provided 
for  separating  the  ateam  from  the  water  besides  the  usual  internal  steam 
pipe ;  even  with  submerged  tubes  it  is  sometimes  found  advantageous  to  fib 
ba^e  plates  so  as  to  ensure  steady  circulation  and  prevent  priming.  The 
design  of  the  priming  boiler  is  one  that  admite  of  a  greater  length  of  tube 
and  a  longer  exposure  to  heat  than  is  usual  with  the  other  forms  in  which 
the  tubes  are  straight,  or  nearly  straight,  and  their  advocates  claim  for  them 
an  elasticity  and  power  of  resisting  sudden  changes  of  temperature  superior 
to  that  of  the  straight  tube  boiler.  On  the  other  hand,  they  have  the 
obvious  disadvantage  of  cost  of  manufacture  as  well  as  impossibility  of 
internal  examination,  besides  the  difficulty  and  costliness  of  removing  and 
replacing  an  injured  tube. 

Perkins'  Bi^er. — The  Perkins  family  have  been  devoted  for  nearly  a 
century  to  the  development  of  the  water-tube  boiler,  with  the  object  of  pro- 
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dnoiiiig  vdd  using  stevn  ftnd  water  at  very  high  temperature  and  pressim. 
The  Iat«  Mr.  Joseph  Perkina  took  out  numerous  patents  to  that  end,  uid 
the  late  Ur.  Loflus  Perkins,  following  in  his  footsteps,  adapted  these  inven- 
tions to  marine  purposes,  and  aventually  fitted  a  yacht,  the  "  Anthracite," 
of  oonsiderabla  iise,  with  whioh  he  suocesafnliy  made  a  TOfage  across  the 
Atlantic  and  back  to  prove  the  oapsbilities  of  his  system.  The  Perkins? 
boiler,  as  generally  known,  consists  of  a  series  of  horisontal  rows  of  tubes, 
connected  by  vertical  tabes  at  intervals,  so  as  to  form  a  complete  and  oon- 
nected  system.  There  is  at  the  bottom  a  somewhat  larger  tube,  into  which 
the  feed-water  is  pumped,  and  in  which  mud,  &c.,  is  deposited ;  and  at  the 
top  there  is  also  a  larger  tube,  forming  a  steam  receiver  for  the  system. 
The  fire  is,  of  course,  at  tha  bottom,  and  the  hot  gases  and  Same  flow  among 
the  tubes,  and  are  spread  and  directed  by  meaos  of  baffle  plates.  The  diffi- 
culty of  circulation  in  this  boiler  is  caused  by  the  steam  which  is  formed  in 
the  lower  tubes  forcing  its  way  through  the  vertical  tubes,  and  preventing 
a  sufficient  flow  of  water  back  into  them  ;  some  of  the  steam  remains  in  the 
upper  part  of  the  horiiontal  tubes,  and,  being  a  bad  conductor  of  heat,  does 
not  prevent  them  from  being  burnt.  The  fact  is,  that  it  is  essential  in  every 
water-tube  boiler  that  the  circulation  be  such  as  to  rapidly  carry  off  the 
steun  when  formed  from  the  vessels  in  which  it  is  generated,  so  that  the 
surfaces  exposed  to  fire  or  intense  heat  may  be  oontinually  kept  in  contact 
with  vHUer. 

HezreBhoff  Boiler. — In  the  very  early  days  of  the  last  coatury  others, 
besides  Hr.  Jacob  Perkins,  attempted  to  produce  high-pressure  steam  with 
the  lightest  possible  apparatus,  by  making  a  boiler  entirely  of  small  tubes, 
and  another  inventor  went  so  far  as  to  construct  one  consisting  of  a  single 
tube  coiled  roughly  into  the  shape  of  a  bell  or  beehive,  and  plaoed  this  over 
a  fire.  Water  was  pumped  into  the  lower  end  of  this  coil,  and  steam  emitted 
from  the  upper  end.  As  might  be  anticipated,  the  generation  of  steam  was 
most  rapid,  and  attended  with  considerable  risk  to  the  onlookers.  80  long 
as  the  feed  supply  was  regular  and  the  water  perfectly  pure,  this  boiler 
could  be  used  with  impunity ;  but  even  now,  as  in  those  early  days,  no  feed 
pump  oonid  be  relied  upon  to  work  with  the  necessary  uniformity,  and  ■* 
in  practice,  all  water  contains  more  or  less  solid  matter,  such  boiiers  were 
found  impracticable,  and  the  more  so  as,  from  the  curved  form  of  the  tube, 
it  was  impossible  to  examine  or  clean  them  mechanically.  The  Herresboff 
boiler  is  a  modem  form  of  this  type,  which  has  always  been  a  fovourite  one 
for  certain  purposes  in  America;  ite  inventor  subsequently  perfected  a 
design  of  it  which  worked  with  a  considerable  degree  of  success,  and  it  wss 
introduced  by  him  into  this  country,  at  the  time  that  Mr.  (now  Sir  J.  L) 
Thornyoroft  introduced  a  similar  boiler  as  regards  coils,  and  fitted  one  in 
the  s.B.  "Ftiaae"  (1883).  Eventually,  however,  it  met  with  the  fate  of  its 
prototype,  so  that  it  is  now  seldom  or  never  used.  Hia  boiler  consisted  of 
two  ooJJs  of  pipe ;  the  outer,  which  is  in  the  form  of  a  closed  cylinder,  is 
made  of  tubes  of  uniform  section,  connected  at  their  ends  by  welding  so  u 
to  be  continuous ;  the  inner,  which  is  in  the  shape  of  a  bell,  is  likewise  made 
of  continuous  tabes,  but  those  forming  the  sides  of  the  bell  are  of  larger 
section  than  that  forming  the  crown.  The  top  of  the  outer  coil  is  oonnected 
to  the  top  of  the  inner,  the  bottom  of  the  outer  is  connected  to  the  feed 
pump,  and  the  bottom  of  the  inner  to  a  steam  drum  or  receiver,  from  which 
the  engine  takes  steam.  The  fire  is  in  the  inside  of  the  bell,  which  is  sup- 
ported on  brickwork,  and  is  similar  to  that  of  a  vertical  donkey  boiler. 
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The  outer  coil  is  cased  in  with  sheet  iron,  and  the  inner  is  partly  flO  covered. 
The  water,  in  traversing  the  outer  coil,  is  gently  heated  by  the  waste  heat ; 
on  traversing  the  crown  of  the  bell  it  is  rapidly  heated,  bo  that  when  it 
enters  the  larger  pipe  it  is  in  a  state  of  ebullition,  part  steam  and  part 
water;  when  it  has  traversed  the  whole  length  of  the  coil  it  should  be  all 
steam.  Another  coil  boiler,  well-known  in  America,  is  Ward's ;  it  has  been 
used  in  the  U.S.  Navy,  and  of  its  kind  is  a  good  one.  It,  as  well  as  Thorny- 
croft's  and  Herreihofi*s,  has,  however,  the  fatal  fault  of  inaccessibility  for 
deaning. 

Watf  B  Boiler. — Mr.  Watt  for  many  years  gave  great  attention  to  the 
designing  and  making  of  water-tube  boilers,  and  his,  of  their  kind,  have 
been  most  suocessful.  In  this,  the  tubes  are  in  parallel  layers,  slightly 
inclined  to  the  horizontal,  and  the  ends  of  the  whole  of  them  connected  to 
two  narrow  flat  boxes.  The  back  of  these  boxes  is  stayed  to  the  tube  plates, 
and  opposite  to  each  tube  end  is  a  hole  through  which  the  tube  may  be 
«xamined  and  cleaned  on  removing  the  cover.  It  is  seen  that  the  two 
boxes  serve  as  chambers  for  the  water  and  steam,  as  well  as  to  oonneot  the 
tubes  together.  The  steam  formed  in  the  tubes  of  this  boiler  flows  gently 
along  their  upper  surface,  aided  by  their  inclined  position ;  it  finds  its  way 
into  the  &ont  chamber,  and  riies  into  the  upper  part  of  it ;  as  the  steam 
forms  and  flows  away  from  the  tubes,  it  is  replaced  by  water  from  the  back 
chamber,  into  which  the  feed  water  is  pnmpM. 

D'Allest  Boiler. — This  boiler,  whiw  is  &  favourite  one  in  France,  is 
somewhat  similar  to  Watt's  boiler  in  principle  and  general  design,  though 
differing  from  it  to  some  extent  in  detail. 

Bahcock  ft  Wilcox  Boiler  (flg.  141). — The  two  gentlemen  whose  names 
are  joined  in  the  patent  and  give  the  title  to  the  Company  that  manufactures 
these  boilers,  devoted  many  years  to  the  perfecting  of  their  system.  In  this 
case  the  flat  boxes  of  the  Watt  boiler  and  of  the  D'Allest  boiler  ore  replaced 
with  narrow  sinuous  chambers  (called  "headers,"  fig.  142),  placed  nearly 
vertically  side  by  side.  With  this  arrangement  staying  is  unnecessary,  but 
opposite  the  tube  ends  are  the  usual  openings,  as  in  the  above-named  boilers, 
fitted  with  doOTS  or  plugs.  The  top  of  each  front  header  is  oonnected  by  a 
pipe  to  a  drum  of  considerable  size,  placed  immediately  over  the  back 
headers,  and  to  which  it  is  connected  also  by  pipes.  The  front  and  back 
headers  are  connected  by  a  large  number  of  inclined  tubes ;  but  in  the  case 
of  this  boiler  they  are  of  much  smaller  diameter  than  in  others  of  the  same 
type.  The  circulation  of  the  water  is  obvious  and  good,  and  of  such  a 
nature  that  this  boiler  may  be  classed  as  a  priming  one.  The  furnace  is,  of 
course,  beneath  the  tubes,  and  extends  nearly  to  the  full  width  of  the  boiler. 
Sometimes  on  each  side  of  the  boiler,  forming  a  water  wall,  is  a  system  of 
small  vertical  tubes,  fitted  into  a  horizontal  box  at  the  bottom,  and  into  a 
similar  horizontal  box  of  square  section  at  the  top.  The  top  boxes  are  con- 
nected also  to  the  steam  drum,  and  at  the  opposite  ends  the  top  and  bottom 
boxes  ore  connected  by  external  circulating  tubes.  These  boxes  and  the 
"  headers  "  are  of  square  section,  and  made  of  wrought  iron  or  steel,  welded 
up  and  neatly  finished.  The  tubes  tbronghout  are  simply  expanded  in  the 
tube  boles,  and  although  it  appears  to  be  a  most  difficult  operation  to  thus 
secure  them,  and  a  still  more  difficult  one  to  tighten  them  if  they  leak,  in 
practice  all  such  difficnlties  have  been  overcome,  and  these  boilers  found  to 
work  most  satisfactorily.  This,  however,  is  now  seldom  supplied,  as  brick- 
work to  the  height  of  the  lower  tubes  is  better,  and  a  good  casing  above  iv 
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wake  of  the  tubes  answers  every  purpose.  It  need  hardly  be  said  th»t  the 
use  of  clean,  soft  water  is  eSEsntial.  In  the  later  marine  type  the  tubes 
adjacent  and  near  to  the  fires  have  been  enlarged  very  considerably,  so  that, 
instead  of  being  about  1^  inches  diameter,  as  were  the  other  tubes,  they  are 
now  at  least  2^  inches  diameter  (v,  fig.  142a).     These  boilers  are  lighter  in 


Fig.  142a.— Babcock  Tube  and  Headers. 
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IN  1898-99  (Babcock  &  Wilcox). 
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Fig.  143a.— Babcook  ft  Wiloox  Nbval  BoUer  (Miied  TubM) 
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Fig.  143b.— Baboook  ft  WUooi  Naral  Boilur  (Hix«d  TubM). 
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t>roportioa  to  their  oatpnt  of  steam  than  the  ordinary  cylindrical  boiler; 
but  they  are  not  so  li)(ht  as  some  of  the  .other  fornis  of  water-tube  boilers; 
in  this  case,  however,  there  is  not  the  same  necessity  as  exists  in  others  for 
working  at  a  high  pressure  to  be  successfal,  and  in  this  respect  it  is  much 
superior  to  one  or  two  of  the  other  forms  of  water-tube  boiler  when 
required  to  be  of  large  size.  In  the  American  Navy,  as  in  E.M.  service, 
these  boilers  have  given  great  satisfaction,  and  proved  themselTes  to  be  tho 
most  formidable  competitors  for  general  adoption,  both  against  the  cylindri- 
cal and  the  other  types  of  large  water-tube  boiler.  The  simplicitj  of  design 
and  cheapness  of  manufacture  will  also  recommend  them  for  use  in  the  mer- 
cantile marine,  where,  hitherto,  their  employment  has  been  limited  to  one 
or  two  shipping  firms,  as  soon  as  engineers  are  convinced  that  their  length 
of  life  and  efficiency  of  steam  production  is  somewhat  nearer  to  those  of  the 
cylindrical  boiler  than  is  at  present  believed.  In  H.H.S.  "Sheldrake"  these 
boilers,  with  best  Welsh  coal  and  a  consumption  of  407  lbs.  per  square  foot 
of  grato,  evaporated  9'15  lbs,  water  per  lb.  of  coal,  from  and  at  212°  F., 
and  at  a  half  that  rate  the  evaporation  was  11  lbs.,  the  evaporation  per 
square  foot  of  heating  surface  being  8-3  and  50  lbs.  respectively.  At  sea, 
and  when  running  full  speed,  the  consumption  perl.H.F.  was  only  l-STlbs., 
and  at  two-thirds  power  1429  lbs.  Equally  good  results  have  been  ob- 
tained in  XT.S.  Naval  ships  with  Pocahontas  cotd. 

The  Babcock  &  Wilcox  Oompany  sometimes  fit  into  the  uptake  what  is 
virtually  an  extonsion  of  the  boiler,  and  call  it  a  feed  heater ;  this,  of  course, 
matoriuly  adds  to  the  economy  of  the  system,  as  it  also  adds  considerably 
to  the  weight. 

The  Special  Boiler  Committee  appointed  by  Parliament  has  reported 
favourably  on  the  Babcock  &  Wilcox  boiler,  and  recommended  its  use  in 
the  Navy ;  consequently  a  large  number  of  ships — mostly  battleships  and 
large  cruisers — are  being  fitted  with  them.  The  Admiralty  require  such 
boilers  to  evaporate  12  lbs.  of  water  from  and  at  212*  when  the  coal  con- 
sumption is  at  the  rate  of  18  lbs.  per  square  foot  of  grate,  lljl  lbs.  when  the 
rate  is  24  lbs.,  and  11  lbs.  when  30. 

Fig.  141  shows  the  naval  boilers,  which  are  made  entirely  of  large  tubes, 
and  the  baffling  arrangements,  which  have  been  found  beneficial  on  shore ; 
this  type  is  also  the  one  best  suited  for  the  mercantile  marine.  Fig.  143 
ia  a  design  of  boiler  made  entirely  of  small  tubes,  suitable  for  cruisers  and 
express  steamers  generally.  Fig.  143a  shows  the  boilers  of  the  cruiser  type, 
which  are  of  a  lighter  design  than  fig.  141,  having  large  tubes  at  the  bottom 
only,  and  smaller  higher  up ;  no  baffles  are  deemed  necessary. 

Monnaud  Boiler. — Fig.  144  shows  the  form  of  boiler  patented  and  adopted 
by  M.  Normand,  of  Havre.  It  consists  essentially  of  one  horizontal  upper 
drum  of  considerable  diameter,  and  two  lower  drums  of  much  smaller 
diameter,  the  lower  ones  being  placed  on  each  side  of  the  fire,  and 
oonnectod  to  the  upper  one  by  tubes  of  small  diameter,  bent  to  such 
form  as  to  obtrude  the  greater  part  of  their  length  into  the  space 
above  the  fire,  and  so  receive  heat  from  it,  and  at  each  end  so  as  to  be 
normal  to  the  surface  into  which  they  fit.  The  upper  and  lower  drums  are 
likewise  connected  at  their  ends  by  larger  tubes,  which  act  as  downcasts,  so 
that  the  water  circulates  up  through  the  ampler  tubes  into  the  upper 
chamber,  delivers  the  steam  with  which  it  is  charged,  and  flows  away 
to  the  end  of  it,  and  down  through  the  outer  tubes  to  the  water  drums 
below.    This  boiler  exposes  a  very  large  amount  of  surCux^  both  to  the 
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direct  action  of  the  Gre  uid  to  hot  gues.  The  oirontation'  is  perfect;  there 
w«  no  flkt  Burfaoei  requiring  to  be  atajed  ;  the  dmrns  themaelTU  are  of  the 
cylindrical  form,  vith  ■pherical  ends,  so  at  to  be  aa  light  as  ponible  oon- 
aist«at  with  strength ;  and  by  the  Uisposition  of  the  tubes  at  the  front  and  back 
there  is  a  minimum  amount  of  brickwork  required  for  a  boiler  of  this  kind, 
while  the  tubes  have  a  sufficient  amount  of  curvature  to  permit  of  oonsider- 
able  elasticity  in  the  whole  structure,  so  as  to  enable  it  to  withstand  the 
rough  usage  of  mpidlv  raising  steam.  On  the  other  hand,  the  tubes  cannot 
be  cleaned  meohaaiculy  nor  examined,  either  internally  or  externally,  and, 
in  the  event  of  a  tube  splitting,  or  becoming  otherwise  so  damaged  as  to 


Fig.  144.— Normand  Boiler. 

necessitate  removal,  unless  it  be  an  outside  one,  great  expense  is  entailed  by 
having  to  remove  the  other  tubes  that  surround  it  to  get  at  it  M.  Normand 
arranges  the  inner  and  outer  rows  of  tubes  to  form  water  walls  on  each  side 
of  the  grate,  and  on  each  outside  of  the  boiler;  he  leaves,  however,  some 
open  work  on  each  side  of  the  grate  near  the  front,  through  which  the  hot 
gases  can  pass  among  the  tubes  on  each  side  to  the  back  end  of  the  boiler, 
where  there  are  additional  tubes  massed  behind  the  brickwork  of  the 
furnace.  The  hot  gases  then  pau  upward  into  an  uptime  leading  to  the 
funnel  base.  By  this  method  the  hot  gases  are  made  to  flow  uniformly  over 
practically  the  whole  of  the  tube  surface.    The  Normand  boilers  in  H.H.S, 
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?roT«d  verj  econamioa),  the  oonaump^on  of  fuel  at  full  speed  being  only 
36  Iba.  per  I.H.P. 

The  Normand  Signady  boiler  consists  of  two  Normand  boilers  placed 
back  to  back,  and  connected  by  the  steam  collectors  and  water  dmms. 

Feignion  A  Flemlng'B  Boiler  (fig.  145). — Messrs.  Ferguson  &  Fleming 
make  a  boiler  similar  in  principle  to  the  original  Xormand,  and  get  over 
the  difficulty  of  drawing  the  tubes  by  limiting  their  length  from  end  to  end 
to  the  diameter  of  the  upper  drum,  so  that  each  and  every  one  of  them  can 
be  drawn  into  this  drnm  without  affecting  the  surrounding  tubes. 

Seatoa'B  Boiler  (fig.  146). — In  this  boiler  there  are  two  water  drums  at 
the  bottom,  as  in  Uie  Normand,  and  two  steam  drums  at  the  top;  there  is 
an  intermediate  water  drum  between  them  of  sufficient  size  to  admit  of  the 
tubes  coDQOcting  it  to  the  upper  and  lower  drums  being  drawn  into  it  and 
removed.  In  this  case  the  tubes  ore  straight,  so  that  from  the  middle 
drum  every  tube  con  be  examined  and  cleaned,  as  well  as  removed ;  the 
transverse  section  of  the  boiler  is  the  shape  of  the  letter  X.  In  addition  to 
the  advantages  of  being  able  to  examine,  clean,  or  remove  every  tube  at  the 
middle  chamber,  there  is  in  this  boiler  the  additional  one  of  the  hot  gases 
being  forced  to  flow  twice  through  the  tubes  before  emerging  into  the 
funnel  The  upper  and  lower  drums  in  this  boiler  ore  connected  by  a 
water  wall  of  tubes,  which  act  as  downcasts. 

Yarrow  BoU«  (fig.  1 47).— This  boiler,  the  invention  of  Mr.  A.  F.  Yarrow, 
has  proved  to  be  one  of  the  most  successful  in  practice,  both  in  the  produc- 
tion of  steam,  and  its  capability  of  being  examined,  repaired,  or  cleaned, 
and  it  can,  besides,  withstand  the  same  rough  usage  as  the  Normand.  It 
differs  from  the  Normand  boiler,  however,  in  having  straight  tubes  only,  so 
that  from  the  upper  drum  they  can  all  be  examined  and  cleaned.  In  the 
earlier  forms  of  it,  this  drum  was  mode  in  halves,  the  top  of  it  being  con- 
nected to  the  lower  by  a  flange  with  bolts  and  nuts ;  it  was,  therefore, 
capable  of  easy  removal,  and  when  this  was  so  the  bottom  of  the  boiler 
ooasisted,  as  in  the  Normand,  of  two  cylindrical  drums;  but  as  in  the 
laiger  boilers  it  was  found  almost  impossible,  as  well  as  inconvenient,  to 
have  a  bolted  joint  in  the  upper  drum,  the  lower  drums  were  made  in 
halves,  being  fbrmed  with  a  tube  plato  and  pocket  bolted  to  it,  as  shown  in 
the  illustration,  and  to  remove  a  tube  necesBitates  the  taking  off  of  one  or 
other  of  the  pockets. 

The  Yarrow  boiler  is  one  of  the  few  recommended  by  the  Boiler 
Gooimittee  to  the  Admiralty  for  farther  trials  and  use  in  large  ships,  but 
with  larger  tubes  than  usual  in  Erpresi  boilers.  This  kind  (fig.  I47o)  has 
been  fitted  in  foreign  warships  to  be  used  in  connection  with  cylindrical 
boilers.  The  lower  or  wator  drums  are  in  this  cose  mode  approximately 
cylindrical,  like  those  of  M.  Normand,  and  the  tubes  Kte  removed  and 
replaced  by  removing  those  in  direct  line  with  the  ones  requiring  it,  and 
dodging  from  hole  to  hole  as  far  as  the  slackness  of  the  new  tube  in  the 
old  boles  will  permit. 

Blechynden's  Boiler  (fig.  148)  is  like  the  Yarrow  aa  now  made,  but  the 
tubes  are  very  slightly  curved,  and  the  upper  end  enlarged  so  as  to  permit  of 
them  beiug  withdrawn  through  a  few  small  holes  on  either  side  of  the  top 
middle  line  of  the  steam  drum  ;  in  recent  boilers  the  tubes  have  been 
arranged  to  draw  through  one  set  of  holes  on  this  centre  line.    A  doable 
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row  of  tubes  forming  vater  walls  on  eaoh  side,  with  the  naaal  openings  at 
the  upper  part,  waa  often  added  to  aot  aa  down-comers  as  welt  as  walls. 

Wllte  Forster's  Boiler  is  somewhat  like  Bleohynden's,  but  it  has  the 
tubes  curved  in  a  longitudinal  plane  so  as  to  be  drawn  into  the  drum  and 
through  the  manhole  at  its  end. 

Thomycrott's  Boiler  (fig.  149). — This  boiler,  known  as  the  "Speedy" 
type,  is  the  direct  descendant  of  Golds worthy-Qumey's  invention  of  1S27 
(see  fig.  140),  and  consists  essentially  of  the  top  and  bottom  drums,  as  in 
the  Normand  and  Yarrow  types,  but  the  tabes  in  this  case  are  not  only 
bent  in  so  as  to  obtrude  themselves  on  the  space  over  the  fire,  but  they  are 
carried  up  and  around  so  as  to  enter  the  top  of  the  drum  instead  of  the 
bottom ;  it  is,  therefore,  distinctively  a  priming  builer,  inasmnob  as  there 
can  be  no  circulation  without  tlie  flow  of  water  through  the  tubes  into  the 
steam  space.  There  are  the  usual  downcast  pipes  at  each  end,  which  are  of 
considerable  size.  In  this  boiler  there  is,  of  course,  a  greater  length  of  tube 
exposed  to  the  hot  gases,  and  consequently,  if  necessary,  a  large  amount  of 


Pig.  1*9.— Thomycroft  Boiler,  "Speedy"  type. 

surface  per  foot  of  grate  can  be  provided.  It  has  eonsiderably  more  elasticity 
than  the  Normand  boiler,  and  likewise  possesses  the  defects  of  the  latter,  as 
it  is  absolutely  impossible  to  examine  the  tubes,  and,  in  case  of  damage  to  one 
of  them,  the  difiiculty  of  removal  and  replacement  is  considerable.  Owing 
to  the  extreme  curvature  of  the  tubes,  thera  ia  the  greater  liability  of  the 
tubes  to  choke  with  foreign  matter  that  may  be  in  the  boiler,  or  get  into  it 
with  the  water.  Experience  proved  it  to  be  a  very  efficient  evaporator,  a 
rapid  generator  of  steam,  and  capable  of  very  rough  usage.  Fig.  150  is  a 
further  invention  of  Sir  J.  I,  Thornycroft,  and  known  as  the  "  Daring " 
typo.  With  the  same  facility  for  getting  sufficient  heatnng  surface  as  with 
the  Speedy,  this  boiler  permits  of  a  larger  grate,  and  allows  of  a  better 
oircnlation  of  hot  gases  as  well  as  better  uptake  and  funnel. 

Dn  Temple  B<mer. — This  consists  of  the  usual  upper  drum,  which  is  of 
considerable  size,  and  two  lower  chambers,  of  square  section,  placed  above 
the  fire  level  on  each  side  of  the  grate.  The  top  drum  is  connected  to  them 
by  a  nest  of  tubes  bent  zig-zag,  so  aa  to  orosa  the  flow  of  gases  five  times. 
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The  portion  ot  tnbe 
exposed    to   direct 
action   fro&i  the  fire 
is  geueT&ll;  nkftde  of 
smaller  diameter  thai 
the  rest  of  its  length. 
There  are  the    tuual 
down-cast  pipes  at  the 
end.      This    boiler 
possesses  many  of  the 
characteristics  of  the 
Thornycroft  boiler,  in- 
cluding  some   of  ths 
erils  in   a   magnified 
form.      The    oontrao- 
tion    of   diameter   of 
J     the      tubes     in     the 
§;     neighbourhood  of  the 
r     fire  has  certain  ad  van- 
^     tages;    but,    on    the 
J     other    hand,  modem 
^     practice     has    shown 
\     that  there  should  be 
J     larger  tubes  exposed 
1^    to    direct     radiation 
J     from  the  fir^  and  tlwt 
^     those    tubes     in    ^e 
^     immediate      vicinity, 
^    although  not  exi>osed 
I     to   direct    radiation, 
fi     are    the     better     for 
I      enlargement 
g        Eaed'B  Boiler^ 
"^    ,  Fig.  15X  is  a  view  of 
^     the     boiler    designed 
and  patented  hj  Mr. 
J.W.aeed.ofJarrow. 
It  will  be  seen  to  con- 
sist of  the  usual  steam 
receiver   at    top    and 
the  two    wing   water 
receivers  at  the  bot- 
tom, both   of   which 
are   in  all   essentials 
the  same  as  found  in 
the  Normand,  Thorny- 
croft,      or      Yarrow 
boilers,    but   in   this 
case    they    are     con- 
nected   difierentlj — 
vit,     by    tubes     rig- 
sagged  somewhat  like 
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tboM  in  th«  Da  Tsmple  boiltr,  fant  aot  to  th«  tune  extent,  nor  u  thers 
Kay  reduction  io  the  dUmeter  of  these  snutll  tabes  u  in  the  Da  Temple. 
Ur.  Reed  hu,  beaidet,  methods  of  hia  own  for  secaring  the  ■mall  tube  ends 
in  the  tube  holea,  whereby  a  tube  can  be  euil;  fitted  and  vithdnivn ;  and, 
when  in  plaoe,  it  ia  capable  of  a  oerbin  amount  of  aelf-adjustnient  withoat 
any  tendency  to  leak.  Tliia  ia  effected  by  aorewing  the  ends  of  the  tube  and 
fitting  them  with  nnta  formed  to  suit  the  chamfering  or  spherical  recessing 
at  the  mouth  of  the  tube  holea. 

Of  the  "  Ezpresa  "  boilera  none  bare  done  better  than  Ur.  Beed'a,  either 
in  respect  to  the  quantity  of  steam  generated  per  sqnare  foot  of  heating 
snrhce  or  to  the  number  of  pounds  of  water  evaporated  per  pound  of  fael. 
When  severely  forced,  it  seems  to  suffer  little  or  no  harm  from  the  process, 
and  at  cruising  speeds  it  is  very  economicaL  It,  however,  has  the  objection 
common  to  the  Normaad,  Thornycroft,  and  certain  other  boilers,  of  having 
the  tubes  bo  considerably  bent  as  to  prevent  examination  internally. 

White's  Boiler. — Mr.  White,  of  Cowes,  employs  a  boiler  quite  distinct 
from  any  of  the  above,  from  the  &ct  that  the  upper  and  lower  drama  are 
connected  by  a  series  of  tnbea  bent  into  spirals,  of  about  12  inohea  external 
diameter,  forming  the  npcasts,  and  exposing  thereby  to  heat  large  aur&ces 
with  oomparatively  small  height.  Owing  to  the  length  of  these  tabes,  the 
passage  from  the  lower  to  the  upper  chamber  will  be  somewhat  protracted, 
or  the  speed  of  flow  very  much  increased.  There  will,  with  Uiis  boiler,  be  a 
considerable  amount  of  elasticity ;  but  the  spiral  tubes  are  open  to  the  same 
objection  as  the  bent  ones. 

Belleville  Boiler  (fig.  152). — This  boiler  had  been  for  very  many  years 
a  favourite  in  France,  and  fitted  into  many  warships,  aa  also  into  a 
large  number  of  their  merchant  ships.  It  had  also  been  used  extensively 
in  America,  boUi  for  marine  and  land  pnrposea,  when  it  was  at  last  more 
favourably  looked  upon  in  this  country,  the  lead  in  the  matter  being  taken 
by  the  Admiralty,  who  replaced  the  wet-bottom  locomotive  boilera  of 
H.M.S.  "Sharpshooter"  with  boilera  of  this  kind;  the  firat-olaas  cruiaera 
"Powerful"  and  "Terrible,"  each  of  26,000  I.H.P.,  and  many  other 
ships,  croisers,  battleships,  and  gunboats  have  aince  been  fitted  with 
them.  For  Uree  ships  this  boiler  ia  specially  suitable,  and  can  compete 
snacessftilly  with  the  other  forms  of  water-tnbe  boiler  in  the  question  of 
weight ;  for  smaller  sizes,  however,  several  of  the  before  -  mentioned 
boilers  have  advantages  over  the  Belleville.  It  consists  of  the  usual  top 
dram  and  bottom  feed  collector,  connected  by  what  it  virtually  a  set  of 
flattened  spirals ;  in  other  words,  each  element  is  of  the  form  that  a  spiral 
spring  wonid  be  if  heated  and  flattened.  There  are,  of  course,  the  usual 
downout  pipes  for  dronlating,  besides  special  apparatus  for  preventing 
priming,  for  feeding,  and  for  redacing  the  pressure.  This  boiler,  like  most 
of  its  congeners,  must,  to  be  successful,  be  worked  with  steam  at  a  high 
pressnre,  or,  to  speak  more  correctly,  with  steam  of  low  volume  per  lb. ; 
consequently,  the  manufacturers  of  it  Dsually  design  it  for  a  much  higher 
working  pressnre  than  is  required,  and  fit  it  with  an  ingenious,  and  fairly 
reliable,  reducing  valve.  Each  element  is  made  np  of  a  aeries  of  tubes  ot 
considerable  diameter,  extending  the  whole  length  of  the  boiler,  connected 
at  the  ends  by  junction  boxes  of  malleable  cast  iron  (fig.  162a),  to  which 
they  are  screwed,  and  they  are  aig-sogged  so  aa  to  form  the  fiattened  apiral. 
These  front  junction  boxes  have,  opposite  each  tube  end,  a  hole  of  sufficient  aise 
to  admit  of  the  thorough  examination  and  cleaning  of  the  tubes,  and  closed 
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with  an  oval  door  clamped  in  the  same  way  as  a  manhole  door.  The  top  of 
each  element  enters  the  apper  dram  with  a  short  intemat  pipe,  and  inside 
the  drum  is  a  aeries  of  dash  plates,  so  arranged  as  to  thoroughly  separate 
the  water  and  the  steam.  There  is  further,  however,  external  to  the  boiler, 
a  separator,  having  an  internal  spiral  dash  plate,  and,  at  the  bottom,  an  anto- 
matio  drain.  This  boiler  is  a  most  costly  one  to  mannfactare,  and  even  when 
made  with  an  accuracy  exceeding  that  nsnally  followed  in  engine  building 
it  loses  so  much  water  by  the  very  large  number  of  small  leaks  as  to 
serioosly  rednce  its  efficiency,  as  well  as  to  require  a  large  reserve  of 
feed  water  and  a  constant  use  of  the  distillers.  After  a  most  lengthy  and 
carefully  made  series  of  experiments  with  it  and  the  cylindrical  boiler,  the 
Special  Committee  appointed  by  Parliament  have  condemned  its  use  in 
H.M.  Navy  on  these  and  other  gronnds,  and  at  the  same  time,  it  mast  be 
said  that,  while  recommending  that  all  large  ships  should  have  a  few 
cylindrical  boilers  for  cruising  and  use  in  port,  certain  other  forms  of  water- 
tube  boilers  should  be  further  tried  and  worked  tentatively  with  the  object 
of  using  them  in  such  ships  solely  when  high  speed  is  neceesarv. 


Fig.  lG2a  — Tabe  and  Headers  of  a  Belleville  Boiler. 

The  boilers  so  recommended,  besides  the  Babcock  &  Wilcox,  and  the 
Yarrow  with  large  tnbes  already  described,  are  the  Biirr  boiler  and 
Niclansse  boiler,  both  well  known  and  used  on  the  Continent  for  land 
purposes ;  the  latter  in  the  French  and  the  former  in  the  German  Navy  are 
favourites.  Each  of  them  has  its  origin  in  the  patents  of  Jacob  Perkins  of 
1831,  and  Howard  of  1869.  Perkins  adopted  an  internal  tube  to  cause  a 
circnlation  in  the  large  one  exposed  to  fire ;  this  idea  was  enlarged  and 
improved  by  Field,  by  whose  name  such  tubes  are  known  instead  of  by 
Perkins.  Howard  placed  his  large  tubes  at  a  small  angle  to  the  borizontu 
and  connected  their  front  ends  to  a  vertical  chamber,  and  fitted  them 
with  concentric  circulating  tabes  ss  far  as  the  water  level.  In  1870  Miller 
improved  on  this  by  fitting  a.  vertical  division  plate  in  the  chamber,  into 
which  plate  he  fitted  the  circulating  tubes,  and  placed  on  top  of  the  chamber 
a  horizontal  cylindrical  receiver,  with  which  both  divisions  of  the  ver- 
tical chamber  had  easy  communication,  so  that  the  water  flowed  down 
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into  the  iront  or  outer  part  of  it  and  through  the  oiroulating  tubes  into  the 
main  tubes,  and  from  them  into  die  back  or  inner  pfkrt  of  the  ohamber  and 
thence  to  the  receiver,  where  it  gave  up  the  steam,  and  flowed  hsidk  again 
over  the  same  conrae. 

The  Dfirr  Boiler  ia  Bubatantially  the  above,  with  improvements  in  detail. 

The  NlclaosBe  Boiler  differs  from  both  Howard's,  Miller's,  and  DUrr's 
in  having  a  series  of  vertical  boxes  or  headers  fitted  with  a  division  plate, 
and  having  properly  formed  mouthpieces  to  allow  of  the  tubes  having  a 
considerable  slant  while  they  themselves  are  vertical.  These  headers  are 
made  of  cast  steel  or  malleable  oast  iron,  and  connected  to  the  under  side  of 
the  steam  receiver  by  neck  pieces.  The  tubes  in  this  case  pass  through 
from  front  to  back  of  the  headers,  and  fit  quite  steam-tight  in  a  alightly- 
taper  hole  in  the  dividon  plate  and  back.  The  portion  of  the  tube  between 
Uiese  is  pierced  with  large  oval  holes  to  permit  the  water  passing  freely 
from  it  to  the  inner  division  of  the  header.  The  inner  or  circulating  tube 
is  fitted  through  a  hole  in  the  plug  fitted  in  the  end  of  the  large  tube 
(fig.  IC3a),  and  held  in  place  by  a  sedc  piece  which  fits  through  and  steam- 
tight  in  a  hole  in  the  stopper  of  the  hole  of  the  larger  tube.  The  back 
ends  of  the  big  tubes  are  reduced  in  diameter,  screwed,  and  fitted  with  cap 
nuts  which  are  taken  off  when  the  boiler  is  to  be  drained  dry ;  therein  lies 
one  of  die  ohief  objections  to  this  and  the  Durr  boiler,  as  the  time  taken  to 
remove  and  replace  so  many  cap  nuts  is  serious  in  all  oases,  and  especially 
so  in  ordinary  mercantile  ships  with  a  limited  staff.  So  long  as  distilled 
water  ia  used  to  make  up  waste  there  will  be  little  need  to  remove  them  for 
cleaning,  and  it  would  only  be  in  naval  ships  where  so  much  harbour  aervioe 
would  require  frequent  drying  out. 

The  Stirlliig  Boiler  (fig.  164),  whidi  bears  a  strong  family  likeness  to 
Rowan's  boiler  without  its  defects,  is  now  ooming  into  use  for  marine 
work  afler  having  given  satisfaotion  to  its  users  on  shore.  It  has  the 
merit  of  simplioity,  and  practically  straight  tubes  of  good  size  placed  nearly 
vertically. 

Three  other  boilers  of  the  Urge  tube  type  recently  invented  and  patented 
are  likely  to  come  into  general  use,  each  possessing  features  showing  its 
descent  from  a  well-known  common  ancestor,  and  having  much  to  commend 
them  to  the  marine  engineer.  One  of  them,  however,  is  singular  in  being 
the  invention  of  a  Japanese  naval  officer.  Captain  Miyabara,  sliowing  that 
that  very  ingenious  nation  is  as  ranch  actively  engaged  in  trying  to  solve 
the  boiler  auestion  as  are  the  European  ones. 

The  Honenrtela  Boiler. — This  boiler  (fig.  156)  is  a  favourite  one  in  the 
TTnited  States,  and  not  unlikely  to  oome  iato  general  use  in  the  Navy  of 
that  country.  It  has  been  experimented  upon  very  considerably  by  United 
States  oSciais,  and  with  good  results.  It  consists  essentially  of  two  steam 
receivers  at  top,  parallel  with  one  another,  and  two  water  receivers  at 
bottom,  immediately  below  the  steam  receivers  and  connected  to  them  by 
downcast  pipes.  Extending  above  these  water  receivers  are  rectangular 
section  chambers  or  headers,  and  similar  chambers  extend  from  and  below 
the  steam  receivers.  These  chambers  are  connected  by  a  pair  of  pipes 
placed  diagonally  across  the  fire  and  connected  at  their  remote  ends  by  a 
junction  box.  The  water,  therefore,  circulates  by  rising  from  the  water 
receivers  into  the  chambers,  passing  upwards  through  the  tubes  connected 
to  it  through  the  junotion  boxes,  and  so  through  the  second  set  of  tubes  to 
the  chambers  underneath  the  steam  receivers,  and  from  them  into  the  steam 
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rec«iven  tbanuelTM,  and,  fin&ll;,  bnok  amin  by  tli«  downcuta  to  the  vater 
receiven.  It  will  be  seen  that  tha  cironlation  is  poaitiva  and  regular  The 
tubes  tborondily  intercept  tbe  beat  in  ita  passage  from  tbe  grate  to  the 
chimney.     Thay  are  stnugbt,  and  easily  examined,  cleaned,  or  removed. 


irig.  1S4.— SlirUiig  Boiler  (Marine  deugn). 

Tbe  Hiyabara  Boiler  is  somevbat  like  the  Hobenstein,  but  conaists  of 
two  Beta  of  cylindrical  drums  placed  parallel,  and  some  6  to  8  feet  apart  ; 
each  set  consista  of  3,  one  above  tbe  other.  The  middle  drum  of  each  is 
connected  to  the  top  and  bottom  drums  of  the  opposite  set  by  tubes  2  inobes 
to  3  inches  diamat«r.  The  top  drum  in  each  set  is  connected  to  the  bottom 
one  by  downtakes.     It  is  very  simple,  and  easy  to  make,  having  straight 
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tubes  with  a  good  inoliimtion ;  the  hot  gases  will  be  well  broken  np,  and 
distribnted,  and  limited  spaces  are  provided  for  them  to  come  in  contact 
with  tbe  outer  casing. 

The  ThoiDfcroft-Hanhall  Boiler  (fig.  166)  is  tbe  thiid  new  one,  with 
large  tubes,  that  seems  a  good  design  for  marine  or  land.  Its  sectional  form, 
which  is  the  better  for  ship  use,  consists  of  a  steam  dram,  with  headers 
standing  verticall;  downwards,  capable  of  taking  two  vertical  rows  of  tubes, 


Fig.  1S5.— EDlieiist«iii  Boiler. 


and  spaced  so  that  similar  headers  standing  upwards  from  the  feed 
collectors  or  water  drums  may  fit  between  them.  The  bottom  hole  in  the 
lower  header  is  fitted  with  a  tube,  whose  back  end  fits  into  a  junction  box 
like  that  of  a  Bellerille  boiler ;  another  tube  is  fitted  into  this  box,  and  the 
bottom  hole  of  tbe  header  from  tbe  steam  drum,  and  so  mnkes  tbe  oonneotton 
from  the  feed  to  the  steam  receiver  j  and  so  on  with  the  other  elements,  as 
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■hown  in  fig.  1E>6,  liko  thon  in  the  Hohenstein.  Her«,  too,  ihe  tubea  are 
straight,  and  at  a  good  angle ;  they  can  be  readilr  examined  and  replaced 
or  oleaned,  and  the  oironlation  ia  certain  and  good  Thia  boiler  can  mbo  be 
readily  drained  and  cleaned. 

There  are  some  otber  boilen  worthy  of  notice  in  a  ipecial  treatise,  bat 
not,  however,  of  the  same  interest  to  the  marine  engineer  aa  the  foregoing. 

The  water  in  the  water-tube  boiler  ia,  as  a  rule,  very  conaiderably  lesa 
than  that  in  the  ordinary  boiler,  and  to  thia  &ct  is  in  no  amall  measure 
due  the  exceedingly  light  weight  of  certain  boilers  of  thia  type.  To  the 
designer  this  is  of  course  a  great  advanti^^e,  and  in  case  of  accident,  either 
from  within  or  &om  without — from  a  abot,  for  example — tbe  possible  amount 
of  harm  is  limited,  especially  if  there  be  no  obstruction  with  the  draught ; 
but  to  the  firemen  it  ia  otherwise  a  aonrce  of  trouble,  as  it  permits  of  snob 
great  variations  in  steam  presanre  from  temporary  causes.  The  reducing 
valve,  as  fitted  to  the  Belleville  and  other  boUera,  tenda  to  prevent  any  ill 
effect  lirom  thia  being  experienced  in  the  engine-room,  for,  ao  long  as  the 
pressure  ia  the  boiler  does  not  fall  below  that  at  which  the  apparatus  is  set 
to  deliver,  there  will  be  little  or  no  variation  at  the  high-pressure  valve-box. 

Table  xxxviL  shows  among  other  things  the  proportion  of  water  to  the  total 
weight  in  the  various  classes  of  boilers.  The  total  weight  includes,  besides 
tbe  boiler  proper,  the  water,  mountings  and  fittings;  the  furnace  fittings, 
brickwork,  Ac  ;  the  casings  and  uptakes  to  the  Ainnel  base ;  in  fact,  every- 
thing is  included  that  is  necessary  to  make  a  fair  comparison.  Taking  naval 
boilers  of  the  double-ended  type,  the  average  weight  of  water  is  about  29 
per  cent,  of  the  total  weight;  while  with  single-ended  naval  boilers,  it  ia 
about  26  per  cent.  The  steam  pressure  for  which  these  boilers  were  designed 
ia,  however,  only  156  lbs.  With  doable-ended  boilers  made  in  aocordanoe 
with  the  Board  of  Trade  Rules  for  pressures  of  160  lbs.,  the  water  is  about 
331  per  cent,  of  the  total  weight,  and  about  32  per  cent,  with  the  single- 
ended  boilers.  With  the  gunboat  type  of  boiler,  the  water  is  33  per  cent. 
when  designed  in  accordance  with  the  Admiralty  Rules.  With  tbe  Belle- 
ville boilers  the  water  ia  only  about  8  per  cent,  of  the  total  weight ;  with  the 
Babcock  and  Wilcox  boilers  about  lij  per  cent. ;  with  the  Yarrow  boiler 
kbout  15i  percent. ;  with  the  Thomycroft  boiler  16  per  cent. ;  and  with  the 
Normana  boiler  about  24  per  cent.  The  diy-bottom  locomotive  boiler, 
which  ia  the  rival  of  the  smaller  class  of  water-tube  boiler,  has  water  to  the 
extent  of  30  per  cent. 

It  will  be  seen  by  referenoe  to  Table  xxxvii  that  the  total  weight  per 
I.H.P.  at  forced  draught  is  on  the  average  with  tbe  ordinary  naval  double- 
ended  boilers  about  68  Iba.,  and  with  the  aingle-ended  ones  108  lbs.  The 
lightest  of  all  is  80-6  lbs.  Tbe  Belleville  and  the  Baboock  and  Wilcox  are 
both  under  80  lbs.,  and  with  an  air  pressure  of  1  inch  of  water  the  weight 
ia  as  low  aa  70  lbs.  with  the  Belleville.  Taking  the  naval  cylindrical  boilers 
with  natural  draught  the  average  weight  per  I.H.P.  is  121  lbs.  with  double- 
ended  boilers,  and  133  lbs.  with  single-ended.  It  ia  true  that  the  latter 
figure  is  for  tbe  larger  sizes  now  allowed  by  the  Admiralty  for  battleships 
and  eruisera.  With  the  Belleville  boilers  the  weight  per  I.H.F.  is  82  Iba, 
and  the  Babcock  and  Wilcox  88'7  lbs. ;  and  with  the  large  allowanoe  pro. 
vided  in  the  oruisers  it  is  only  1 10  lbs.,  or  11  lbs,  less  than  the  old  doable- 
ended  boilers  for  166  lbs.  pressure,  and  23  lbs.  less  than  the  single-ended 
boilers  for  166  Ibe.  pressure  now  supplied  to  the  navy.  It  ia  manifest  by 
these  figures  that  there  is  a  distinct  saving  iu  weight  with  the  water-tube 
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TABLE  XXXIII. — Pabtioulabs  or  Maorihbbt  or  "  Uinibta  " 
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boilers  in  large  ships.  It  is,  however,  in  the  smaller  class  of  vessels  that 
the  great  advantage  in  using  these  boilers  is  experienced.  Here  types  of 
boilers  can  be  emplojed  that  wonld  hardly  be  admissible  in  the  larger  ships, 
and  the  full  advantage  of  the  system  can  be  utilised.  By  again  referring  to 
the  table,  it  will  be  seen  that  with  the  locomotive  boiler  the  weight  per  I.H.P. 
is  33  lbs.  with  the  single-ended  variety,  and  304  lbs.  with  the  donble-ended. 
With  the  Yarrow  boiler  the  weight  is  only  25  lbs.,  and  considerably  under 
the  locomotive,  as  are  all  the  other  forms  now  fitted  into  torpedo  boat  de- 
stroyers. The  great  saving  in  each  case  is,  of  course,  due  in  great  measure 
to  the  water.  Referring  to  Table  xxxvi  it  will  be  seen  that,  when  taking 
all  the  weights  which  come  into  and  are  included  in  the  boiler-room 
weights  according  to  Admiralty  Rule,  for  each  ton  with  single^nded 
boiler,  &c.,  17'S3  LH.F.  was  developed  by  the  engines;  with  double- 
ended  boilers,  20-1  to  23-6;  with  Belleville  boilers,  21-7  to  22  6;  with 
Thomycroft,  itc,  in  3rd  class  oruisers,  431  ;  with  locomotive  in  torpedo 
gunboats,  29-6 ;  with  Babcock  and  Wilcox,  in  same  ships,  32-6  ;  with 
Kiclaasse,  26-3.  With  the  express  boilers  in  torpedo  boat  destroyers 
of  recent  build  as  much  aa  96-9  I.H.F.  has  been  developed  with  Thorny- 
croft's,  84-6  with  Normand's,  791  with  Yarrow's,  and  706  with  Seed's,  as 
against  60  with  locomotives  in  the  "Havock." 

When  the  cylindrical  boiler  is  designed  in  accordance  with  the  Board 
of  Trade  Bules,  the  difference  is  more  marked,  for  here  the  double-ended 
boiler  is  such  that  the  total  weight  per  I.H.P.  is  149  lbs.  when  the  working 
pressure  is  160  lbs.,  and  as  much  as  196  lbs.  when  it  is  210  lbs.  pressure. 
Single-ended  boilers  are,  of  coarse,  heavier  still.  The  Belleville  noiler  is 
only  107  lbs.  per  I.H.P.  with  a  working  pressure  of  250  Iba.,  and  the 
Babcock  and  Wilcox  115  lbs.  for  a  pressure  of  200  lbs. 

The  space  occupied  by  these  boilers  does  not  differ  materially  from  that 
required  for  cylindrical  or  locomotive  boilers,  and  the  stoke-holes,  as  a  rule, 
must  be  as  long ;  but  with  some  water-tube  boilers  a  comparatively  short 
Btoke-hole  is  sufficient.  The  water-tube  boiler  is  capable  of  a  subdivision 
that  does  not  obtain  with  the  cylindrical,  and  in  this  respect  it  is  in  the 
hands  of  the  designer  much  aa  the  old  box  boiler  was. 

Feed  Arrangements. — It  is,  of  course,  essential  to  the  good  working  of 
these  boilers,  as  of  all  boilers  containing  such  comparatively  small  quantities 
of  water,  that  the  supply  of  feed-water  shall  be  regular  and  delivered  in  such 
a  way  as  to  improve  rather  than  to  retard  the  circulation.  To  satisfy  the 
first  condition,  it  is  necessary  to  have  good  feed-pumps  and  a  good  supply  of 
water,  from  which  they  may  draw  whenever  required.  The  ordinary  engine 
pump  drawing  from  the  hot-well  is  always  more  or  less  intermittent  in  its 
action,  and  while  no  great  inconvenience  is  felt  when  it  is  supplying  the 
ordinary  tank  boiler  or  the  larger  kinds  of  water-tube  boiler,  it  would  not 
suit  the  more  delicate  ones.  It  may,  therefore,  be  taken,  as  a  rule,  that  this 
class  of  boiler  should  have  on  automatic  apparatus  for  controlling  the  feed. 
The  Belleville  boiler  is  always  fitted  with  an  arrangement,  which  consists 
essentially  of  a  chamber  in  which  there  is  no  disturbance  by  circulation  or 
other  canse,  but  so  connected  to  the  boiler  that  the  water  level  in  it  is  the 
normal  level  of  the  water  in  the  boiler.  It  contains  a  "  fioat"  arrangement 
which  operates  in  an  ingenious,  if  somewhat  complicated,  way,  a  controlling 
valve  on  the  feed-pipe,  so  that,  as  the  water  falls  in  the  boiler,  the  feed-water 
is  allowed  to  pans,  and  as  the  water  rises  above  the  working  level  it  is 
gradually  shut  oS.     Sir  J.  I.  Thornycroft  and  others  have  adopted  somewhat 
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simiUr  mathods  for  reguUting  the  supply.  Other  engineers,  including  Mr. 
Yacrow,  have,  howerer,  preferred  to  fit  to  «»ch  boiler  an  independent 
donkey  pump,  and  to  set  it  working  with  steam  from  ite  own  boiler 
at  such  a  speed  as  to  just  keep  np  the  supply.  This  method,  while 
ooDTenient,  cannot  be  atid  to  be  automatic ;  it  might,  howerer,  be  bo  if  to 
Hit  feed-ralve,  or  even  to  the  steam-valve,  of  the  douey  is  fitted  a  means  of 
oontrolling  by  a  similar  apparatus  to  the  above.  As  the  Tariation  of  level 
in  most  water-tube  boilers  is  somewhat  Hroitod,  the  "  float"  apparatus  cannot 
have  a  great  range. 

Mr.  Yarrow  has  adopted  an  ingenious  arrangement  for  controlling  the 
feed  donkeys  which  is  at  the  same  time  very  simple  and  effective.  There 
is  an  internal  steam  pipe  in  the  steam  receiver  specially  fitted  for  the  feed 
donkey ;  its  open  end  is  surrounded  by  a  small  trough,  and  is  at  the  highest 
working  level  of  the  water.  (The  trough  is  shaped  like  an  inverted  cone, 
and  BO  keeps  the  water  fairly  smooth  within  it.)  If  the  water  rises  above 
this  point,  water  enters  the  steam  pipe,  gags  the  pump,  and  is  carried 
through  the  exhaust  pipe  to  the  condenser  or  hot-well  tank. 

It  is  a  disputed  point  whether  to  admit  the  feed-water  into  the  upper  or 
lower  chamber;  but  if  the  principle  of  aiding  and  not  obstructing  circula- 
tion is  observed,  there  need  be  little  or  no  controversy  on  this  point.  Each 
case  must  be  dealt  with  on  its  own  merits ;  bat,  as  a  general  nue,  unless  the 
feed- water  is  well  heated,  it  is  better  admitted  to  the  bottom  chamber  or  at 
the  downcast  part  of  the  upper  chamber  in  a  direction  of  the  downward 
flowing  currents ;  by  preference  the  latter  ia  more  likely  to  aid  circulation. 
In  this  case,  the  feed-pipe  may  witli  advantage  be  made  small,  so  that  the 
water  is  injected  at  a  high  velocity.  When  the  water  is  well  heated  before 
admission  to  the  boiler  proper  it  is  not  of  much  importance  where  it  is 
taken,  but  an  internal  pipe  with  small  outlets  to  insure  distribution  should 
be  fitted. 

It  is  usual  and  advisable  also  to  fit  water-tube  boilers  with  a  settling 
chamber  into  which  any  solid  matter  admitted  with  the  feed-water  can  be 
deposited  and  blown  out.  The  principle  on  which  these  act  is  that  solid 
matter  of  higher  speoiflc  gravity  than  the  water  will  deposit  in  an  enlarge- 
ment of  a  channel  where  there  is  a  reduction  in  the  velocity  of  flow ;  a 
change  in  direction  of  flow  also  helps  to  deposit.  A  certain  amount  of  lime 
is  used  with  advantage  in  these  boilers,  and  a  means  for  admitting  it  is 
necessary.  As  a  rule,  it  may  be  introduced  with  the  feed-water  by  placing 
it  in  the  tanks. 

In  arranging  casings  and  uptakes  great  care  should  be  take  to  insure  a  good 
distribution  of  the  hot  gases  over  the  whole  of  the  tubes.  The  tendency  to 
shorten  circuit  is,  of  course,  strong,  and  to  prevent  it  considerable  judgment 
is  necessary  in  the  placing  of  baffle  plates  and  other  devices.  It  is  a  matter 
of  experiment,  however,  to  so  place  them  as  to  get  the  best  results. 

"na  flre<place8  In  water-tnbe  boilerB  are  generally  of  such  a  nature  as  to 
require  a  brickwork  erection ;  in  fact,  in  the  case  of  the  Belleville  boiler  the 
brickwork  is  very  extensive,  but  in  the  case  of  most  of  the  others,  and 
especially  of  the  lighter  kinds,  the  brickwork  is  limited  to  the  immediate 
neighbourhood  of  the  fire,  the  rest  of  the  boiler  up  to  the  base  of  the  funnel 
being  enclosed  with  light  ironwork,  either  lined  with  aabeetos  or  in  some 
other  way  protected  from  the  direct  action  of  the  heat  of  the  gases.  As  far 
as  possible  it  is  better  to  use  water  walla  than  brickwork,  both  of  which  are 
only  absolutely  necessary  to  resist  contact  of  the  flame  or  direct  radiation 
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from  the  glowing  fneL  Cuing  ptatea  outside  the  tab«8,  not  subject  to  the 
direct  action  of  the  fire,  maj  be  of  rerj  thin  sheet  steel,  especially  if  stiffened 
with  light  angles  or  hj  corrngations ;  it  is  generally  made  portable,  bo  that 
it  can  be  easily  removed  for  the  cleaning  of  the  outside  of  the  tabes  or  the 
repairing  of  the  boiler  when  necessary.  Sheet  asbestos  ^  inch  thick  forms 
ft  very  good  protection  to  these  thin  casings ;  it  requires  to  be  carefully 
secured  and  protected  from  damsge,  and  for  ^is  purpose  it  is  often  com- 
pletely covered  by  thin  sheet  steel,  but  this  covering  should  be  avoided  if 
possible.  Two  layers  of  asbestos  millboard  with  a  space  between  them 
practically  seated,  so  as  to  prevent  air  circulation,  makes  a  atill  better  shield, 
and  with  care  in  fixing  it  will  witfast&nd  a  oouaiderable  amount  of  wear  and 
tear.  The  Admiralty  do  not  now  require  the  fitting  of  dampers  to  the  up- 
takes of  water-tube  boilers  as  fitted  in  the  torpedo  boat  destroyers,  and, 
indeed,  the  ueoessiW  for  them  does  not  exist,  while  their  presence  may  be  a 
BOorcB  of  danger.  The  evaporation  with  these  boilers  is  quickly  checked  by 
leaving  the  fire  door  open,  or,  when  so  arranged,  by  shutting  off  altogether 
access  of  air  to  the  fire.  Without  the  damper  the  bursting  of  a  tube  or 
other  serious  leakage  is  not  dangerous,  aa  the  steam  escapes  immediately  up 
the  funnel.  The  Admiralty  also  require  to  be  fitted  an  apparatus  for 
drenching  the  fires  with  water,  which  can  be  operated  both  from  the  stoke- 
hole and  on  deck.  The  tubes  do  not  get  covered  with  soot  and  dust  bo 
badly  as  might  be  expected,  and  when  Welsh  coal  is  used  in  the  boilers  the 
deposit  is  easily  removed. 

At  present  the  life  of  these  water-tube  boilers  is  too  short  to  be  satis- 
foctory,  and  the  trouble  experienced  with  some,  especially  the  Belleville, 
due  in  no  small  measure  to  the  want  of  care  and  judgment  on  the  part  of 
those  attending  them,  has  caused  them  to  he  condemned.  Others  less  in 
first  cost,  and,  owing  to  not  having  such  delicate  fittings  and  casings,  dec, 
not  requiring  so  much  care  and  attention,  are  likely  to  be  more  generally 
used  for  both  naval  and  mercantile  ships.  It  is,  however,  imperative 
for  auocesB  in  either  service  that  the  tubes  last  at  least  as  long  aa  those  of 
a  cylindrical  boiler;  that  they  be  straight,  or  nearly  so,  and  inclined  at  a 
good  angle  with  the  horizon — say,  at  least,  8  to  10  degrees ;  that  the  circula- 
tion be  certain,  uniform,  and  rapid ;  that  the  surfaces  exposed  to  heat  be 
easily  cleaned  and  kept  clean ;  that  the  fittings  be  as  few  in  number  as  pos- 
uble  and  absolutely  tight ;  that  the  casings  be  so  designed  as  to  remain  air- 
tight and  to  keep  good  as  long  as  the  boiler  itself,  and  that  the  grates  be  of 
Buoh  a  Hze  and  so  placed  as  to  get  good  combustion  and  distribution  of  the 
heat. 
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BOUAR  BESLL, 


CHAPTER  XX. 

BOILBBfl — OONSTBCOnOH  AHD  DRAIL8. 

BoiLiBB  for  the  meroantile  marine  ure  nearly  alwajrg  constructed  in  accord- 
ance with  the  ruleB  laid  down  for  tbe  scantlings  by  the  Board  of  Trade, 
Lloyd's  or  other  Bngiatry.  If  a  ship  requires  a  passenger  certificate,  the 
boiler  must  be  built  in  accordance  with  the  Board  of  Trade  rules  and 
TsguUtiona ;  and  if  to  class  at  Lloyd's,  those  of  Lloyd's  Registry  must  be 
followed.  If  both  a  Board  of  Trade  certificate  and  a  Lloyd's  machinery 
certificate  are  reqaisite,  the  boiler  must  be  so  designed  as  to  accord  with  the 
rules  of  both.  It  is  much  to  be  regretted  that  these  two  public  institutions 
do  not  agree  to  one  set  of  rules  which  shall  be  acceptable  to  both,  and  in 
accordance  with  the  best  engineering  knowledge  and  experience  of  the  day. 
Both  seta  of  rules  are  based  on  scientific  principles  and  practical  experi- 
ments on  a  large  scale,  and  difier  only  slightly  from  one  another  in  conse- 
quence. They  chiefly  difier  on  the  question  of  the  factor  of  safety,  and  the 
difierences  on  this  point  arise  from  the  allowance  included  covertly  for  wear 
and  tear;  the  survey  in  the  one  case  being  yearly,  and  in  the  other  often  at 
longer  intervals. 

Ships  built  for  mercantile  purposes,  but  neither  classed  at  a  Registry  nor 
requiring  a  passenger  certificate,  have  boilers  constructed  in  aecordanct  with 
the  rvlea  of  one  or  the  other  institution ;  and  he  would  be  a  bold  man  who 
fibould  choose  to  depart  much  from  either,  and  be  responsible  for  it. 

The  Admiralty  rules  are  not  so  stringent  nor  so  extended  as  those  of  the 
Board  of  Trade,  as  the  circumstances  of  naval  construction  require  a  little 
more  elasticity. 

Boiler  Bh^  CyllndilcaL — This  is  the  simplest  and  strongest  form  to 
withstand  internal  pressure ;  because,  since  a  circle  is  the  figure  of  least 
perimeter  for  a  given  area,  there  is  no  tendency  to  change  of  form,  the 
metal  is  strained  in  one  way  only — viz.,  tangentially  and  in  tension. 

The  total  pressure  tending  to  rupture  a  cylinder  is  the  part  of  all  the 
pressures  acting  at  the  various  points  in  direction  normal  to  the  surface 
resolved  in  one  direction.  This  is  equivalent  to  the  pressure  on  the  plane 
through  the  axis  of  the  cylinder. 

Rupture  is  resisted  by  the  two  sections  of  metal  at  the  sides. 

Let  D  he  the  diameter  of  the  thin  cylinder,  and  L  its  length  in  inches ; 
p  the  efiective  pressure  per  square  inch,  and  ( the  thickness  of  metal  in  frac- 
tions of  an  inch. 

Then  the  pressure  tending  to  burst  it  ■■  j>  x  D  x  L. 

The  stress  per  square  inch  on  the  metal  resisting  this  is 
p  X  D  X  L      p  X  D 
°°       L  X  2i     ""      2 1    ■ 

Let  T  be  the  ultimate  strength  of  the  material  in  pounds  per  square 
inch,  and  F  be  the  factor  of  safety  deemed  advisable,  and  let  T  -i-  F  -  ^ 
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Th«i  the  safe  working  pressure  for  a  boiler  gheU,  or  other  oylindrioal 


part  subject  to  interiuil  pressnre  ■= 


^"j 


This  holds  good  only  when  there  is  no  joint  or  other  cause  of  reduction 
of  effective  area  of  plate  section. 

Since  &  boiler  shell  is  made  of  one  or  more  pUtea  conneisted  by  riveted 
joints,  the  effective  area  of  plate  is  that  part  remaining  between  the  riret 
holes  (neglecting  the  effect  of  the  friction  between  the  plates). 

If  the  plates  are  connected  by  means  of  a  single  row  of  rivets,  the 
average  value  of  the  part  remaining  between  the  rivet  holes  is  generally 
66  per  cent,  of  the  whole  plate ;  so  uiat  in  this  case 

Safe  working  pressure  -       ^  ^  "  IQO  °  ~^  "  113. 

When  the  plates  are  connected  by  two  rows  of  rivets,  so  that  the  joint  is 
said  to  be  a  doable- riveted  one,  there  is  on  the  average  70  per  cent,  of  the 
plate  remaining  between  the  holes ;  in  this  case 


2i  %f      JO 
'       D       *"  100  " 


Safe  working  pressnre  =  — =^  *"  Tfifi  °  "TT^  "  ^'^'*- 


It  will  be  seen  that  the  double-riveted  joint  is  more  than  25  per  cent, 
stronger  than  the  aingle-riveted.  This  difference  is  due  to  the  wider  spacing 
of  the  rivets  which  can  be  allowed,  in  consequence  of  the  increase  of  rivet 
area  obtained  with  the  two  rows. 

The  value  of  F  depends  on  the  kind  of  material,  and  on  its  quality. 

The  Board  of  Trade  requires  that  the  Bteel  used  in  the  shells  of  boilers 
shall  have  a  minimum  strength  of  27  tons  and  a  maximum  of  32  tons  per 
square  inch,  with  an  elongation  of  not  less  than  18  per  cent,  in  10  inches, 
and  allows  28  tons  to  be  used  for  calculations.  If  the  plates  stand  a  test  of 
over  28  tons,  that  figure  may  be  taken  for  calculation  purposes.  Steel  up  to 
35  tons  has  been  used  for  boiler  shell,  and  is  likely  to  be  bo  generally.  The 
Board,  however,  requires  a  minimum  factor  of  safety  of  46,  while  the 
Admiralty  are  content  with  4-0,  which  is  quite  sufficient,  considering  that  the 
stress  on  the  material  is  gently  applied  and  quite  a  steady  one  during  work. 

Table  xxxix.  gives  the  teats  of  the  materials  required  by  the  Admir- 
alty, Board  of  Trade,  Lloyd's  Register,  Ac 

Blveting. — The  longitudinal  seams  or  joints  of  a  boiler  shell  are  made  in 
one  of  the  following  ways  : — 

(1)  Lap  joitU  and  timgle^veted. — The  plates  in  this  case  are  lapped  one 
over  another,  and  united  by  a  single  row  of  rivets.  This  method  is  only 
adopted  when  the  plate  is  thicker  than  required  for  mere  strength,  so  that 
56  per  cent,  of  it  is  sufficient  to  safely  withstand  the  pressure.  This 
generally  arises  in  the  case  of  small  boilers  and  steam  receivers,  where  the 
diameter  is  comparatively  small,  or  with  low  pressures,  when  the  thickness 
of  plate  which  is  sufficient  to  withstand  the  pressure  would  not  permit  of 
caulking,  nor  give  the  allowance  for  deterioration. 

Rivet  metal  is  always  softer  than  boiler  plate,  and  its  resistance  to 
shearing  is  less  than  that  of  the  latter  to  tension,  for  this  reason  the  area 
of  the  rivets  should  be  greater  than  that  of  the  plate  remaining  between  th* 
riret  holes ;  hnt,  on  the  other  hand,  whereas  the  plate  is  subject  to  reduction 
by  wear,  the  rivet  section  is  not  so  affected,  and  in  consequence  it  might 

;]C 
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inffio»  to  kUov  the  um«  u-e»  of  riTeb     Th«  BoHd  of  Trade  reqaire*  the 


rivot  krca  of  section  to  be 


or  123  timei  the  are*  of  eectioQ  of   pl&te 


between  the  holes. 

Taking  fi6  per  oent.  u  the  proportion  of  pUte  between  the  holes,  p  the 
pitch,  v^d  tin  diuneter  of  the  riveta. 

Fitch  of  rirete  ^      100 
diameter  100  -  fl6' 

or 

Pitch  of  rirets  V  2-378  x  diameter. 
Since  the  area  of  rivet  —  the  portion  of  the  plate  between  holes, 


"23  ^ 


100^ 


aS" 


Substituting  the  value  of  ;>  as  found  above, 

Diameter  of  rivet  —  1  tT  x  thickness  of  plate. 

Exam^. — To  find  the  pitch  and  diameter  of  rivets  for  a  sii^le-rireted 
lap  joint,  with  plates  }  inch  thick,  strength  of  joint  being  66  per  cent. 

Diameter  of  rivet  -  197  x  i,or0-98  inch. 
Pitch  of  rivets       -  2273  x  098,  or  2-23  inches. 

The  lap  of  the  plates  is  three  times  the  diameter  of  the  rivet ;  if  it  is 
made  more  than  this,  the  plate  will  spring  in  caulking ;  if  made  less,  there 
is  danger  of  bulging  or  cracking  the  edges,  and  also  (here  is  no  margin  for 
recaulking  if  required. 

The  following  table  gives  the  pitch,  he,  as  ibnnd  in  general  practice  : — 

TABLE  XL.— Lap  Joint^  SiHaLB-BivsTBD,  Tiqht  Wqbk. 


™^- 

tHxniler 
Klvtb 

PiMh 
ElTrt. 

Brudth 
I«p. 

pH!. 

PUte. 

BiTet 

1 

J 

1 

I 
24 

1 
1 
2 

2 
3 

58,, 
68-3 
67  ■! 
58-8 
66-6 
68-7 

66-1 
66-4 
67-3 
66-3 
70-0 
60  0 

64-2 
636 
S62 
63-4 
56-6 
50O 

(2)  Xop  joint  and  double^veled. —  Here  there  are  two  rows  of  rivets. 
Sometimes,  as  in  shipbuilding,  the  riveta  of  one  row  are  exactly  in  line  with 
those  of  the  other,  and  thus  called  "chain"  riveting;  but  more  frequently 
those  of  one  row  are  in  line  with  the  middle  of  the  spaces  of  the  other,  and 
it  is  then  called  "dgzog"  riveting.  The  latter  plan  requires  less  lap,  and 
makes  tighter  work  than  the  former,  but  does  not  leave  the  plate  so  strong, 
especially  when  the  holes  are  punched.     Here  again  the  rivet  area  may  be 
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made  the  same  ai  tbe  are«  of  the  plates  betveen  the  holes,  but  the  Board  oi 
Trade  reqoires  the  area  of  rivet  Beotion  to  be  -^  or  122  that  of  the  pUte 

betveen  the  rivet  holes.    Taking  the  proportion  of  the  plate  between  the 
holes  at  70  per  cent. 

Fitch  of  riyete  1000 

diameter       "  lOU-70' 
or,  Piloh  of  rivets  -  3-333  y  diameter. 


Also, 


Too' 


23 


=  0-8p  . 


whence,  snbstitnting  the  above  value  of  p, 

Diameter  of  rivet  »  1*7  x  tbiokness  of  plate. 
Eaomple. — To  find  the  pitob  and  diameter  of  the  rivets  for  a  lap  joint, 
double-riveted ;  the  plates  being  ^incb  thick,  and  tbe  strength  of  joint  72 
per  cent. 

Diameter  of  rivet  —  17  x  |,  or  1'275  incbes. 
Pitch  of  rivet         -  3-333  x   1-276,  or  4-35  inches. 
The  following  table  gives  the  pitch,  Ac.,  as  found  in  general  practice :— 


TABLE  XLI.- 

-Lap  Joisra,  Dodblb-Rivetkd  (Ziqzao). 

ThlckiwH 

]>luii.tw 

PItdi 
BItbU. 

fimdUi 

FaKtt>t.g>of                 1 

FlaU. 

SIxU 

Lap. 

Plite. 

KiTtU. 

B.  T.  Joint. 

^ 

24 

H 

70-0 

80-a 

06-2 

I^ 

1 

21 

4 

70-4 

86-2 

70-4 

1 

3 

■*i 

70-8 

80-1 

66-7 

{ 

H 

4i 

71-1 

85-0 

69-6 

A 

1 

39 

4 

70-0 

83-0 

68-0 

f 

lA 

3f 

^ 

707 

87-0 

70-7 

3 

s 

4 

70-7 

78-3 

84-1 

6 

70-0 

84-8 

60-6 

H 

4 

70  3 

80-6 

66  0 

11 

70-1 

7B-S 

64-9 

n 

\t 

7 

70-0 
70-0 

84-1 
80-8 

69-0 
662 

It  will  be  seen  by  the  above,  that  when  tbe  plates  exceed  ^  aafficient 
area  of  tbe  rivets  cannot  be  obtained  without  an  excessive  diameter. 

(3)  Lap  joint  and  trebl&riveted. — To  obtain  sufficient  rivet  area  with  a 
Up  joint  when  the  plates  are  thick,  three  rows  of  rivets  are  necessary  ;  tbe 
rivets  are,  in  this  case,  also  sometimes  arranged  on  the  chain  plan,  but  more 
generally  they  are  zigzag.  A  strength*  of  joint  of  72  per  cent,  can  generally 
be  obtiuited  with  a  rivet  area  equal  to  that  of  the  plate  between  the  boles ; 
hence 

Pitch  of  rivets  =  3-57  x  diameter. 


4i» 


Al>o, 
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3-^' 


72 


■  ras' ■■"•  Si  -  «•"«'"" 

whence  ■nbctitnting  the  kboTO  valas  of  p, 

Diameter  of  rivet  =  I '33  x  tbickneu  of  plate. 
Sxamplt. — To  find  the  pitch  and  diameter  of  the  riveta  for  a  trebt«- 
riveted  lap  joint,  the  plates  being  1  inch  thick. 

Diameter  of  riveta  —  1  k  1*33,  or  1*33  inehes. 
Pitch  of  riTeta        -  357  x  1'33,  or  1|  inches. 
The  following  table  givea  the  pitch,  Ac,  aa  fonnd  in  general  praotioe  >— 
TABLE  XLIL— Lap  Joints,  TsKBLz-RiTinD  (Zioeao). 


Pitch 
BllaU. 


P14U. 

K.»U 

KT.  Joint. 

72-4 

es-0 

71-0 

72'7 

89-0 

72-7 

72-0 

89'S 

n-0 

72« 

87-3 

71-0 

72-1 

87-6 

71-8 

721 

83-0 

68  1 

71-7 

86-8 

711 

89-6 

72-0 

77-0 

631 

The  chief  diffionlty  with  lap  joints  is  in  the  working  of  the  corners  of 
the  plates  where  the  next  atrake  of  plating  covers  the  Up ;  these  corners 
are  hammered  to  a  taper,  so  as  to  nearly  conform  to  a  circle,  and  the  cover- 
ing plate  is  slightly  joggled,  so  as  to  lie  evenly  on  the  deformation  caused 
by  the  lapping.  Some  boiler  makers,  to  ensure  a  good  fit,  go  to  the  expense 
of  planing  or  milting  the  corners  fair,  and  even  to  extend  the  taper  part 
beyond  the  batt  end  of  the  plate  itself,  so  as  to  cause  as  little  deformatioQ 
as  possible. 

(4)  BtM  jomU  wUh  doubh  strapt  and  nngU-riveted. — This  form  of  joint 
is  not  often  resorted  to,  as  there  are  two  rows  of  rivets,  and  only  a  shearing 
area  of  twice  that  of  the  one  row  of  rivets,  besides  all  the  expense  of  donble 
straps,  which  entail  the  caulking  of  four  seams ;  the  sole  advantage  it  pos- 
sesses over  the  double- riveted  lap  joint  is  the  absence  of  smithed  corners, 
and  that  the  pistes  lie  wholly  in  the  circle  without  deformation  ;  this,  how- 
ever, does  not  compensate  for  the  extra  expense  and  the  liability  of  leakage 
from  the  two  extra  seams. 

The  strength  of  this  Joint  is  seldom  more  than  6S  per  cent  of  the  solid 
plate,  as  more  cannot  be  obtained  without  placing  the  rivets  so  far  apart  as 
to  prevent  the  straps  from  being  caulked  tight.  If  the  straps  are  made  of 
ihs sam«thie/memcu theplaUitMlf,  70  percent,  may  be  obtained.  Taking  70 
per  cent,  as  the  strengtii  of  joint,  the  diameter  and  pitch  of  the  rivets  are  the 
same  as  given  for  the  double-riveted  joint,  and  the  breadth  of  the  lap  is  six 
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times  the  diameter  of  the  riTets.  For  example,  if  the  pUte  Ib  }-iach  thick, 
the  iiTets  should  be  1^  inohes  diameter,  and  4{  ioches  pitch,  the  breadth 
of  Up  being  6  x    1^,  or  7J  inches. 

(5)  Bvitjoinia  with  doviUitrapi  and  daiM&rvettad. — This  is  a  very  general 
and  deserredlf  &Toarite  form  of  joint  for  thick  plates,  and  when  well  made 
gives  every  satis&otion.  There  is  no  necessity  for  smithing  or  maohioing 
the  plates,  nor  of  joggling  the  covering  plate  of  the  next  strake,  although 
some  boiler-makers,  to  avoid  the  cantking  of  the  ends  of  the  strap  where  it 
butts  against  the  next  strake,  thin  down  the  end  and  notch  out  the  oovering 
plate,  so  as  to  lap  over  the  strap.  This  makes  a  very  good  joint,  but  is 
somewhat  espeusive,  and  if  the  plates  are  properly  fitted,  there  should  be 
no  need  of  such  an  elaboration. 

For  each  portion  of  plate  between  the  holes,  there  is  a  rivet  area  equal 
to  four  times  the  area  of  section  of  one  rivet ;  but  the  Board  of  Trade  used 
to  allow  onl  V  Z\  times  the  area  of  one  rivet,  and  practically  do  that  now. 

Under  these  circumstanoes  the  following  rules  hold  good  for  a  joint  equal 
to  75  per  cent,  of  solid  plate  : — 

Pitch  of  rivete  _       100 
diameter       "    100-75' 


Pitch  of  rivets  =  4  x  diameter. 


Also,  since 


Diameter  of  rivets  = 


76 

Too'' 


(  thickness  of  plate. 
The  thickness  of  each  butt-strap  must  be  at  least  |  that  of  the  plate,  and 
when  the  strap  between  contiguous  strakes  is  simply  butted  against  them, 
it  is  better  to  be  of  the  same  thickness  as  the  plate. 

Example, — To  find  the  diameter,  pitch  of  rivets,  and  thickness  of  straps 
for  a  butt-joint  double-riveted,  and  equal  to  76  per  cent,  of  solid  plate,  whose 
thickness  is  1  inch. 

Diameter  of  rivets  *=  1  x  1-1,  or  1-1  inches. 
Pitch  of  rivets        —  4  x  1-1,  or  4-4  inches. 
Thickness  of  long  strap  |  inch,  and  of  short  strap  1  inch  if  butted,  and 
2  inch  if  fitted  under  the  covering  plates. 

The  following  table  gives  the  pitch,  itc,  as  fonnd  in  general  practice : — 


TABLE  XLHI.— 

BOTT-JOIKTS,  DOUBLB  StEAPB,  DoOBLE-RiTETKD  (ZfQZAO). 

TMAntm 

HJl. 

BnwlUi 

Thlota«. 

PwomUBOol 

Put* 

Blnl* 

stnn* 

Pl.te. 

BlvaU. 

B.T.JoiDL 

H«b, 

iinoh. 

SiiDchea. 

r^- 

inch, 

78 

91-6 

76-0 

H,. 

U   . 

»       . 

76 

i    ,. 

76 

,«„ 

\i 

i 

nl 

76 
76 

83-9 
B8'4 

73-0 
72-8 

>A  ,. 

lA 

1    .. 

76 

88-0 

72-3 

76 

87-3 

715 

14    .. 

4 

SI 

1^ 

: 

ft    '.'. 

76 

74 

86-7 
83-4 

711 
72-8 
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(6)  But^oinit  with  double  strapt  ttvbl^^vel^ — Thia  form  bu  become  » 
neoeuitj,  unoe  very  thick  plat«B  hkTe  beea  used  for  boiler-Bbells,  in  ordar 
to  get  an  adequkte  tectional  area  of  riret ;  it  also  admibs  for  the  same  re&Bon 
of  thinner  pliit«s  being  used  when  desired,  >o  that  when  there  are  only  a 
few  butt-joints  it  ii  reall;  more  economical  to  adopt  this  form  of  joint.  In 
this  case,  for  each  portion  of  plate  between  the  boles,  there  is  a  riveb  «re* 
eqnal  to  six  times  the  area  of  section  of  one  rivet;  but,  as  before,  the  Board 
of  Trade  onl^  allowed  this  as  6^.  The  percentage  of  plate  between  t^e 
rirets  is  generally  80  per  cent,  with  this  type  of  joint;  heaoe 

Pitch  of  rivets 


100-  80' 


Pitch  of  riveta  •= 


In  practice,  the  rivets  are  never  leas  in  diameter  than  the  thickness  of 
the  ]>late. 

The  following  table  gives  the  diameter,  pitch,  &o.,  as  fonnd  in  general 
practice  with  steel  plates  and  rivets ;  the  percentage  of  rivet  area  is  large, 
bnt  only  as  requirea  to  provide  for  23  tons  ultimate  strength  against  28  tons 
for  the  plate  - — 

TABLE  XLIV.— BorrJoiins,  Double  Stuaps,  Trrblb-Rivbtkd 

{ZlQZAO). 


tf 

atS^ 

BiraU. 

atstnv*. 

PWa. 

UtbU. 

B.T- Joint. 

1     inch, 

If,  ittob, 

6  mahe« 

l{t.6iiiia. 

1    inch, 

80 -a 

96-9 

lA    ., 

«t      .. 

u  .. 

80-0 

97-0 

79-0 

2f  :; 

70-2 

990 

79-3 

79* 

83-8 

77-0 

U     •> 

«      .. 

1..   0     ., 

79-2 

94-0 

77-0 

\t: 

if  1! 

8        ., 

7       .. 

Iff  .. 

79  ■! 
79-3 

94-3 
93-0 

77-3 
76-2 

w,  ,. 

tf ;; 

7       „ 

1 ..  Ill  .. 

!}  :; 

79-1 

93-3 

7fl-3 

IJ  ,. 

2..   Oi  ■. 

79-0 

»3-« 

78-7 

An  improved  form  of  treble-riveted  joint  is  made  hj  omitting  alternate 
rivets  in  the  outer  rows.  In  this  case,  there  are  five  rivets  for  each  space  in 
the  outer  row,  and,  allowing  only  1 1  times  for  the  double  shear,  thero  will  be 
Ii  X  6  times  the  area  of  one  rivet  for  each  space  or  8}.  In  this  way  a 
larger  percentage  of  joint  can  be  obtained,  amounting  in  practice  to  about 
84  :  hence 


Fitch  of  rivets  in  outer  row  _      100 
diameter  "  100-84 

Fitch  of  rivets  >  6-25  x  di»meter. 


000*^  I C 


Also,  rinoe 
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Diameter  of  rivet  -  0'7T  x  f  (if  of  iron); 
„       -OM  X  ((ifofateel). 
In  practice,  the  rivete  in  this  oUai  of  joint  are  of  the  same  diameter  as 
the  thicknesi  of  plate. 

The  following  table  givM  diameter,  pitch,  Ac.,  as  found  in  general 
practice  with  steel  platei  and  rireti : — 

TABLE  XLY. —  Bott-Joihts,  Doubli  Straps,  Doublk-Bitctbd  with 

STBBT  AI.TBE1IAT1  BlTIT  OUITTBD   IK   OUTBB   RoW  (ZiOSAO). 


~«u„-           1 

^ssr 

SSSf 

OntorBov. 

atop.. 

otSt«[* 

FMo. 

BiraU. 

&T.  Joint. 

1     Inob. 

1     inoli. 

MiDObM. 

ift.ui 

na      Ulnoh. 

84-S 

107 

S4'8 

1.,  4 

1„    6 

M-2 
M-3 

108 

loa-s 

S4-2 
84-2 

lA   '.. 

I    .. 

M-4 

110 

8*-4 

i„  e 

83-6 

112 

83-6 

lA  » 
l|     » 

If    " 

1..  7 

;  \t\: 

82-8 

118 

83-8 

it: 

1,.  s 

.     lA    .. 

83 

82-0 

14     ., 

m    „ 

1..  • 

.     if    .. 

82-3 

121 

82-3 

The  new  rules  of  the  Board  of  Trade  for  riveting  are  given  in  the 
Appendix. 

(7)  Welded  jointt. — To  avoid  all  chances  of  a  leakage  from  the  longi- 
tudinal joints,  some  boiler-makers  have  welded  the  butts  of  the  plates 
together.  The  Board  of  Trade  allowed  only  75  per  cent,  of  solid  plate  as 
the  valne  of  this  joint,  and  have  now  withdrawn  their  consent  to  this 
method  altogether.  Althongh  it  is  quite  possible  to  make  a  perfect  weld, 
and  it  is  often  done  in  boiler-making,  there  is  always  some  degree  of 
uncertainty  in  the  process,  and  no  one  can  have  confidence  in  what  cannot 
be  proved  to  be  right.  The  goodness  of  this  joint  depends  on  the  skill  and 
care  exercised  by  the  workmen ;  and,  ai  an  imperfection  is  easily  covered 
and  concealed,  no  one  with  a  due  sense  of  responsibility  could  acoept  such 
joints,  unless  made  wholly  under  hii  personal  inapection,  and  even  then 
there  is  not  that  senRO  of  security  which  is  felt  with  a  riveted  joint 

Circoinferentlal  Seams  are  almost  always  lapped  and  double-riveted. 
Boilers  of  small  size  and  for  comparatively  low-working  pressures  are  single- 
riveted,  and  as  one  row  of  riveta  is  quite  sufficient  to  ensure  tightness  of 
joint,  which  is  all  that  is  required  in  this  joint,  the  single-riveted  joint 
might  be  adopted  more  generally  than  now  obtains  in  single-ended  boilers. 
Boilers  made  for  very  high  pressures  are  often  treble-riveted  in  the  circum* 
ferential  seams,  the  Board  of  Trade  rules  admitting  of  a  thinner  plate  when 
this  is  done.  In  the  case  of  large  double-ended  boilers,  the  circumferential 
seams  should  be  always  treble-riveted  except  the  end  ones,  which  need  be 
done  in  this  iray  only  whan  the  plates  are  very  thick. 


mo  HAtnjAI.  OF  HARINK  XNGIMKKIUKa 

Hethodfl  of  Work. — Formerly  the  holes  in  boiler  pUtea  were  puiched 
and  drifted  fair.  Since  the  Boftrd  of  Trade  placed  a  preminoi  on  drilled 
holes,  mochiuea  have  been  made  which  compete  succeBsfallj,  both  in  the 
cost  and  speed  of  the  work,  with  the  punching  machine,  and  all  the  holes  in 
a  boiler  shall  &re  drilled  in  place  at  a  tri&ing  expense,  if  anj,  bejond  that 
of  punching. 

MKteriu. — The  shell  plating  of  a  oTlindrical  boiler,  when  made  of  iron, 
was  usually  of  the  quality  known  as  "  Best  Staffordshire  ";  that  is,  the  iron 
is  supposed  to  have  a  tensile  strength  with  the  grain  of  about  48,000  pounds 
per  square  inch,  and  to  be  e^ual  in  all  other  respects  to  Staffordshire  boiler 
plates  branded  as  "  Best."  In  selecting  plates  for  a  cylindrical  shell,  it  is 
necessary  to  bear  in  mind  that  tensile  strength  and  moderate  elasticity  are 
the  two  qualities  requisite;  the  Board  of  Trade,  Lloyd's,  and  the  British 
Corporation  permit  the  use  of  steel  plates  with  a  strength  of  32  tons, 
while  the  Admiralty  limit  it  to  30  tons ;  it  is  expected  that  an  extension  of 
20  per  cent,  is  made  before  fracture  (see  Table  xxxix.).  Steel  of  a  higher 
strength  is  sometimes  used,  and  it  ii  likely  that  the  above  authorities  will 
shortly  permit  of  the  general  use  of  it,  with  36  tons  aa  the  limit  and  with 
18  to  20  per  cent,  extension. 

Siemens  steel  has  now  taken  the  place  of  iron  in  boUer-making,  and,  as 
it  possesses  a  much  higher  tensile  strength,  together  with  greater  elasticity, 
it  is  a  more  suitable  material  for  the  purpose.  A  boiler  made  wholly  of 
steel  is  also  cheaper  than  one  made  wholly  of  iron,  whioh  no  doubt  was  one 
cause  of  the  increased  demand  for  steel  boilers.  Steel  plates  can,  at  a 
trifling  extra  expense,  be  supplied  of  very  large  sizes,  ezceeditig  those  made 
by  the  Yorkshire  ironmasters  in  magnitude.  As  a  matter  of  fact,  the  over- 
head price  of  a  heavy  specification  of  steel  plates  is  generally  very  nearly 
the  same  as  that  of  a  light  specification,  while  there  is  a  very  considerable 
difference  for  iron  if  large  and  heavy  plates  are  included.  The  size 
of  plates  to  be  used  in  the  construction  of  the  shell  depends  now  on  the 
appliances  of  the  boiler-maker;  the  breadth  of  plate  is  limited  by  the 
depth  of  gap  in  the  riveting  machine,  and  the  length  of  plate  by  the 
capabilities  of  the  planing  machine  and  squeeser  or  rolls ;  and  the  weight 
of  the  plate  is  limited  to  the  strength  of  the  various  small  cranes,  Ac 
Steelmakers  can  make  plates  ap  to  12  feet  broad  and  almost  of  any  length. 

Nowadays  rolls  or  squeesers  for  curving  plates,  planing  machines  for 
truing  the  edges,  drilling  machines  for  dealine  with  all  the  holes,  and 
rivetina  maohinea  for  closing  the  joints  are  made  in  such  large  sizes  that 
a  double-ended  boiler  of  the  largest  size  can  be  made  in  three  drums,  and 
each  drum  in  two  plates;  single-ended  boilers  in  one  drum,  or  two  if  veiy 
long,  and  each  drum  in  two  plates ;  some  people  prefer  to  make  each  drum 
in  one  plate  when  the  diameter  permits  of  it.  Ai  a  rule,  it  may  be 
assumed  that  a  single-ended  boiler  has  one  or  two  drums  or  strakee  of 
plating,  each  strake  consisting  of  two  plates  ;  a  double-ended  boiler  should 
have  three  strakes  of  plating :  the  longitudinal  seams  should  be  so  arranged 
that  no  two  of  them  come  in  line  nor  interfere  with  the  seams  at  the 
ends,  and  they  should  be  well  above  the  furnace  line. 

AlloinULCe  for  Wear. — All  boilers  are  designed  so  as  to  last  as  long  as 
possible,  and,  since  wear  takes  place  by  corrosion,  some  additional  thick- 
ness must  be  provided  at  first  to  meet  this  condition.  The  Board  of 
Trade  tacitly  make  this  allowance  by  using  a  high  factor  of  safety ;  bat, 
since  the  factor  of  safety  causes  the  additional  thickness  to  bn  proportional 


BOILER  ENDS. 


461 


to  the  total  iMekTte**,  while  the  wear  takes  place  independently  of  thiokness, 
it  does  not  properly  meet  the  cue.  A  boiler  with  plates  ^  inch  thick  will 
waste  the  same  quantity  of  iron  per  equare  foot  as  one  with  plates  1  inch 
thick  if  worked  under  similar  conditions.  Suppose  such  waste  to  be  |  inch 
in  a  certain  time,  the  loss  in  one  cose  is  25  per  cent.,  but  only  12^  per  cent, 
in  the  other.  To  meet  the  case  properly,  the  factor  of  safety  should  be 
redaced,  and  a  constant  quantity  added;  for  example, in  the  case  mentioned 
above  the  plates  should  be  j'j-  inch  and  1  inch,  so  that  at  the  end  of  the 
time  the  former  should  be  I2J  per  cent,  under  ^  inch  in  thickness.  If 
any  further  proof  be  needed,  it  is  only  necessary  to  calculate  the  thickness 
of  plates  for  boilers  of  small  diameter  and  low  pressure  to  find  it  such 
as  would  be  impossible  to  rivet  and  caulk  tight. 

The  following  rules  make  due  allowance  for  such  contingencies : — Let  D 
be  the  diameter  of  the  shell  in  inches,  p  the  working  pressure  in  pounds 
per  square  inch,  F  a  factor ;  then 

Thickness  of  shell  plate  =  — p— ^  +  \  inch. 

The  following  are  the  values  of  F  : — 


DftKTlptloti  Of  Joint 

UUdSteoL. 

Lap  joints,  einsle- riveted,  .... 
„      doSile-    „             .... 

„  „  treble-  „  .... 
Butt     „      double-    „       double  Btrape, - 

„       „      treble-     „           „        „      ■       ■ 

18,000 
21,600 
22.000 
22.600 
26;000 

Example  I. — To  find  the  thickness  of  plates  for  a  boiler  shell  8  feet  4 
inches  diameter  for  a  working  pressure  of  60  lbs.,  lap  joints  single-riveted. 

Thickness  -    ^gp^Q    +  i  inch  =  ^  inch. 

EvampU  II. — To  find  the  thickness  of  plates  for  a  boiler  shell  IS  feet 
diameter  for  a  working  pressure  of  160  lbs.,  hutt  straps  treble- rive  ted. 


Thickness  •=  - 


!6,000 


4-  ^  inch  =  \\  inch. 


Boiler  Ende. — There  are  several  methods  of  connecting  the  end-plates  to 
the  shell. 

(1)  By  mean»  o/cmglt  vrona. — This  is  the  oldest  method,  and  copied  from 
the  practice  of  makers  of  land  boilers.  It  was  the  cheapest  when  there 
were  no  spocial  appliances  for  flanging,  and  also  because  it  admitted  of  the 
end-plat«s  being  of  an  inferior  quality  of  iron  compared  with  what  is 
necessary  when  required  to  be  flanged ;  but  there  are  double  the  number  of 
rows  of  rivetfl  and  caulking  edges  from  which  leakage  may  take  plaoe,  and 
the  angle  iron  is  not  well  calculated  to  withstand  the  strains.  From  a 
constructive  point  of  view,  this  plan  has  special  advantages,  for  when  the 
angle  iron  is  external  (fig.  167)  there  is  more  room  on  the  boiler  front  for 
tiie  furnace  months,  man-holes,  mountings,  kc.;  and  with  the  angle  iron  the 
lapping  of  the  end-plates  does  not  tend  to  cause  leakage  at  the  comers  and 

;ic 


46S  lUNUAL  or  HIAIKI  INOINEIBIHO. 

•ItogeUiw  the  work  oa  it  U  of  &  limpler  nataro.  For  Biiiglo-«Qd«<l  boilan, 
the  baok  uiglo-iroik  intornAl  (Gg.  1S8)  uid  the  iroat  extenuJ  (fig.  167)  nudo 
m  Tory  good  umagement. 

(2)  hanging  At  muMatei. — This  ia  ooir  tlie  anireraal  and,  on  die 
whole,  the  beit  plui,  for  there  we  only  one  set  of  riv«ta  and  two  caulking 
edgei,  and  tbo  room  oooupied  ii  less  than  wiUi  the  external  an^es.  Flang- 
ing ii  done  by  special  appliances  at  a  trifling  oost  in  rarioai  dengna  of 


FigL  157  to  163.— BoUar  Eads. 

hydranlio  preaa.  The  flanges  (fig.  161)  are  osaally  inside  the  boiler,  but 
wnen  it  ii  of  ao  small  a  size  that  the  rivets  oannot  be  held  ap  inside,  or  it  is 
desired  to  rivet  the  joint  by  machine,  the  Jront  end  is  placed  (fig.  160)  with 
the  flange  ontside.  In  either  way  there  is  no  tendency  to  foroe  the  joint  by 
pressure  on  the  ends,  aa  there  is  with  angle  irons. 

(3)  FUmgittg  A»  thtU  plate*. — Some  few  eogineera,  in  order  that  a 
thicker  plate  may  be  provided  to  withit&nd  the  wear  that  takes  place  at  the 
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bottom  comers,  or  rather  edges,  of  the  oylindriool  boiler,  and  to  mvoid  the 
fitting  of  the  flanged  eads  into  the  shell  with  fair  aocurecy,  flange  the  shell 
pUtea  (fig.  162)  inwards,  so  as  to  form  a  oonneotion  for  the  ends.  This  haa 
■ome  bad  features,  among  which  roar  be  cited  the  diffionlty  and  cost  of 
flanging  tbiok  plates  across  the  grain,  especiallj  after  being  bent;  the 
necestitj  for  aach  shell  plates  to  be  of  low  tenacity  to  have  so  much 
daotility ;  and  lastly,  the  presanre  on  the  end  always  tending  to  open  the 
joints.  It  has,  however,  some  of  the  advantages  of  the  angle  irons,  bat  this 
adrantaga  is  dearly  bought,  for,  to  avoid  the  chance  of  leakage  at  the  corners 
of  the  end-platei,  there  is  far  greater  risk  of  leakage  from  the  longitudinal 
ahell  joints,  which  are  of  necessity  flanged  over  too,  unless  welded.  Also, 
Buch  an  arrangement  qnite  prevents  the  furnaces  from  being  near  the  shall. 

Biveting. — The  cross  seams  of  the  backs  are  usually  double-riveted, 
although  for  moderate  pressure  single  -  riveting  does  quite  well.  The 
riveting  of  the  ends  to  the  shell  is  usually  of  the  same  design  as  that  of  the 
other  oircamferential  seams,  but,  in  double-ended  boilers,  l^ey  need  not  be 
treble-riveted  because  the  middle  seams  are. 

The  QaaUty  of  Plate  depends  largely  on  the  amount  of  flanging  to  be 
done.  To  stand  flanging  around  the  edges  of  the  circular  plates,  they  may 
be  of  the  same  quality  as  the  ahell ;  but,  when  the  furnace  boles  are  flanged 
to  meet  the  furnaces,  a  sofler  quality  is  necessary,  and  it  is  better  to  use  the 
same  as  ordered  for  internal  parts,  with  an  extension  of  25  per  cent,  at 
least  to  stand  such  severe  treatment. 

Th«  Thiokness  of  the  End-plates  and  the  pitch  of  the  stays  are  inter- 
dependent to  a  certain  extent;  but,  since  the  stays  in  the  upper  part  of  the 
boiler  must  be  wide  enough  apart  to  admit  of  a  man  passing  between  them, 
the  plates  at  the  upper  part  of  the  ends  must  be  made  thick  enough  to  suit 
this  pitch  of  the  stays,  which  are  usually,  in  oonseqnence,  somewhat  thicker 
than  the  other  part  of  the  ends ;  some  makers,  however,  prefer  to  make  the 
ends  of  one  nniibrm  thickness,  and  stiSen  the  top  plates  to  stand  the  wide 
pitch  of  the  stays  by  riveting  on  thick  and  large  washers  in  wake  of  these 
stays.  The  end-plates  are  generally  from  g  to^  inch  thick,  although  a  few 
makers  prefer  to  have  thicker  plates,  so  as  to  avoid  the  necessity  for 
doubling  plates  about  the  man-  and  mud-holes,  and  for  fitting  nuts  and 
washers  to  the  screwed  stays.  Taking  15  inches  aa  the  smallest  convenient 
pitch  for  the  stays  in  the  steam  space,  and  suppose  them  to  have  riveted 
washers  as  well  as  double  nnts,  Lloyd's  requires  the  plate  to  be  ^  inch 
thick  for  160  lbs.  working  pressure,  and  -^  inch  thick  for  200  lbs.  The 
Board  of  Trade  permit  ^  inch  less  for  these  pressures. 

FaTnaceB. — Those  fitted  in  the  cylindrical  boiler  are  Invariably  of  circular 
section,  that  being  the  best  form  to  resist  a  uniform  external  pressure. 
The  strength  of  such  a  furnace  varies  as  the  square  of  the  thickness  of  plate, 
and  inversely  as  the  diameter  and  length.  From  experiments  made  on  a 
lat^  scale,  there  is,  however,  reason  to  doubt  the  supposition  that  the 
strength  varies  exaoHy  inversely  as  the  length. 

Let  D  be  the  external  diameter,  in  inches,  of  the  furnace  whose  leugth  is  L  fe^, 
t  the  thinlinw  of  the  platoi  in  ports  of  an  inch. 
99.000  X 


Safe  working  proBanro  =       '       — g  (Board  of  Trade). 

89  600  X  0 
Safe  working  presanre  =  — 'j       ^ —    (Lloyd's  Befpstry), 


Coot^lc 


Hi  MANUAL  OP  HARINK  ISGINBBEUNG. 

When  th«  pUin  put  oE  %  funuoe  eioeedi  130  timM  the  Ihicknen  of  the  pUte, 

Skfe  woi^Dg  prusara  =  -^(a-JBt~12ML)    (Britiib  Corporatioii). 

It  the  furnBM*  «r«  ooiutrt)ot«d  by  weldins  the  pUt«a  together,  or  ooanecting  then 
b^  A  butt  joiot  with  doable  etnpa  uDgle-nveted,  ot  b;  a  single  butt  atnp  doaUe- 
iveted,  the  Boerd  of  Trade  ellow  the  above  factor.  To  avoid  making  from  the  above 
I  way  by  the  cnuhiag  of  the  material,  the  Board  of 
J  the  working  presnir«,  in  poands  per  square  iaeh. 

eiceed  ""!!''  ',  and  Llofd'a  that  the  working  preBanre  ahall  not  eioeed  501 _ — •  }> 

when  the  length  of  the  plaio  part  ia  less  than  190  time*  the  thick  nee*  of  plate. 

The  following  rale  gives  a  suitable  thickneu  for  the  furnace  plates  in 
32nds  of  an  inch,  and  makes  due  aUtnoanct  for  unf/brm  vxar  of  At 
twrfacei: —  

Here  L  in  the  length  and  D  the  diameter,  hoth  in  inehei ;  and  F  a  factor 
which  is  for  ordinary  mild  steel,  1000. 

Furna«»  plates  are  made  fctna  %  inch  to  h  inch  thick,  the  most  general 
sizes  being  ^  to  -^^  inch.  Some  engineers,  however,  in  spite  of  Uiis,  to 
avoid  nsing  oormgated  furnaces  or  fitting  stiffening  rings,  make  the  furnace 
of  plates  as  thick  as  \  inch  ;  if  the  boiler  is  kept  quite  clean  this  will  do. 

If  the  furnace  is  so  long  that  ^^inch  plates  are  insufficient  b;  the  rules 
for  the  working  pressure,  some  means  of  stiffening  it  should  be  resorted  to ; 
such  stiffening  was  generally  effected  by  means  of  rings  secured  to  the 
plates,  and  as  the  effective  length  for  purposes  of  calcnlation  is  thus  virtually 
the  longest  distance  between  such  rings,  or  between  such  rings  and  the  ends, 
it  may  be  taken  as  the  value  of  L  in  the  foregoing  formnlie. 

The  Methods  of  Stiffening  Famooes  were— (1)  By  m«am  of  a  hoop  (Gg. 
163)  formed  of  two  flat  bar  rings  riveted  together,  parallel  with  one 
another,  and  at  a  safficient  dist«nce  apart  to  admit  of  a  stud  passing  between 
them.  The  furnace  is  held  to  this  hoop  by  means  of  studs  screwed  into  it, 
and,  passing  between  the  rings,  fitted  with  nuts  and  washers.  This  is  a 
cheap  plan,  and  a  very  convenient  one  for  stiffening  an  existing  furnace ;  as 
is  also  the  following : — 

(2)  B^  maatu  of  a  hoop  Ifig.  164)  formed  of  two  angle-iron  rings  riveted 
together ;  the  furnace  is  held  to  it  by  studs  screwed  into  it,  and,  passing 
either  between  the  angles  or  through  the  flanges,  fltted  with  nuts,  Ac;  when 
passing  through  the  flanges,  it  is  usual  to  fit  a  thimble  to  each  stud. 

(3)  By  making  ihefurnaoe  in  two  or  more  drttrnt,  and  connecting  ihtn  by 
meant  of  a  \J-ihaped  hoop,  called  the  "  Bowling  hoop"  (fig.  166),  because 
first  mode  by  the  Bowling  Iron  Company.  These  hoops  are  weldless,  and 
possess  a  considerable  amount  of  elasticity;  so  that,  in  addition  to  stiffening, 
they  allow  expansion  longitudinally  on  the  part  of  the  furnace.  This  waa 
a  very  convenient  plan,  as  it  admitted  of  the  fnrnace  being  partially  withdrawn 
in  case  of  damage,  &c.,  and  notwithstanding  that  there  are  two  thicknesses 
of  plates,  and  two  laps  at  each  joint  of  the  furnace,  it  gave  every  satisfaction 
when  tried.  No  one  mokes  these  hoops  new,  so  that  this  type  of  joint  has 
gone  out  of  use. 

(4)  By  making  the  fitrnace  in  two  or  more  drums,  and  conneeltng  ihem  by 
meant  of  jiangtt,  formed  by  turning  the  plate  end  outwards  (fig.  166).  To 
allow  of  a  caulking  edge  on  both  sides  of  the  lap,  a  thin  ring  is  introduced 
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between  the  flanges.  This  wu  &  favourite  method,  because  do  joint  or 
riveting  ia  exposed  to  the  fire  ;  but  it  is  expenaive,  and  requires  oare  both 
in  the  flanging  and  in  the  fitting  together  to  avoid  tronble.  Such  joints 
generally  give  trouble  from  the  strain  on  the  boiler  end  tending  to  open  the 
joint,  and  by  the  wearing  away  of  the  metal  at  the  root  of  the  flanges,  due 
to  mechanical  action.  Fnrnaces  made  on  this  plan  also  require  more  room 
in  the  boiler,  and  th«  flanges  block  up  the  space  between  them  and  the 
boiler  shell. 

(5)  Sy  making  Ote  furnace  in  two  or  moire  drums  of  different  diamelera ; 
those  of  small  diameter  are  flanged  out  so  aa  to  fit  into,  and  be  connected  to, 
the  larger  ones  with  lap  joints  single-riveted  (fig.  167).  This  ia  known  aa 
Hawksley'a  patent ;  and,  although  Buccessfully  applied  to  land  boilers,  has, 
80  far,  only  be«n  tried  on  a  small  scale  in  marine  boilers.     '" 


Fig.  167. 
Tiga.  163  to  1S7.— Methods  of  StifTQuing  Furnaces. 

or  two  very  useful  features,  among  which  may  be  reckoned  the  capability  of 
the  furnace,  being  small  at  the  month,  to  leave  good  space  on  the  boiler 
fronts  for  man-holes,  &c.,  and  while  small  at  the  combustion-chamber  ends, 
it  is  of  good  diameter  in  the  middle.  It  has,  however,  the  objection  of 
presenting  jointa  to  the  direct  action  of  the  fire. 

(6)  By  making  the  furnace  vAlh  a  geriea  oj  oorrugaliona  or  ridgee. — There 
are  now  several  ways  of  accomplishing  this,  the  best  known  being  that  of 
Mr.  Fox  (fig.  169),  as  made  by  the  Leeda  Forge  Oompany,  and  that  of  Mr. 
Purves  (fig.  170)  made  by  John  Brown  &  Co.  of  Sheffield.  A  more  recent 
patent  ia  that  of  Mr.  Moriaon  (fig.  171),  and  made  by  the  Leeds  Forge 
Oompany  ;  this  form  posseaaes  the  good  featarea  of  the  Purves,  and  avoids 
the  fault  of  the  Fox.  Fig,  172  is  the  form  of  furnace  made  by  O.  D.  Holmes 
Al  Co.,  Hull.     Fig.  173  is  the  form  in  which  Mr.  Deighwn,  of  Leeds,  makes 
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fnimoH  which  hire  proved  most  Mtiifaotory ;  ho  ■]«>  m»k«t  the  ordinuy 
Fox  cormgalMl  fnniftoe. 


W 


fig.  1C8.— Foz'f  Fnruoe. 


Fig.  169.— Pnm^  FnniMa. 


Fig.  I7a— Moriton'i  Fiiin«<».  Fig.  171.— Holnw^  Futmmo. 


•*/^*-n!-^v* 


Fig.  ITS.— Deightan'i  Funuoe. 
Hie  oorrugatod  famace  is  an  extension  of  the  Bowling-hoop  principle, 
■nd  He  genesis  is  best  illnstnted  by  rderenoe  to  fig.  171,  which  shows  the 
plan  followed  by  Mr.  Holmes.     Here  there  are  oompaiatively  (ew  oormgs- 
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aoDB,  bat  still  Bofficittit  to  give  the  neoeawry  stiffiuBB  to  I3ie  furnace.  For 
incrMsed  preunre,  auoh  a  fariMoe  m  thia  must  either  be  made  of  thicker 
plate  OF  have  the  oormgatiouB  oloeer  together ;  couseqnentlj,  for  the  same 
preuure  aud  dimensions,  the  Fax  furnaoe  will  be  thinner  than  that  of  Mr. 
Holmes.  On  the  other  band,  the  Holmes  furnace  is  more  rigid  longi- 
tudinally than  tb«  Fox  furnace.  The  corrugated  furnace  made  by  the 
Farnley  Oorapany  has  the  corrugations  formed  spirallj  around  the  furnace, 
sod  are  said  thereby  to  give  greater  longitudinal  rigidity,  without  eacri- 
ficing  too  much  of  its  transverse  stiffness ;  there  must,  however,  be  set  up 
twisting  stnuDS  when  end-pressure  is  applied,  which  would  tend  to  shear 
the  rivets,  and  the  transverse  stiffness  cannot  he  any  more  than  that  of 
the  Holmes  furnace. 

These  furnaces  have  become  a  necessity  for  large  diameters  and  high 
pressures ;  but,  although  immensely  strong  so  long  as  the  metal  is  cold, 
corrugated  ones  will  probably  collapse  longilwiineUlj/  when  red  hot  quicker 
than  an  ordinary  furnace,  from  the  fact  of  there  being  superabundance  of 
plate  between  the  extreme  points  of  support  to  supply  the  extra  length  of 
the  arc  over  that  of  the  chord ;  a  common  furnace  oaonot  corns  down  in  this 
way  without  stretching  the  metal;  in  the  Fox  furnace  the  oormgationa  are 
■imply  drawn  out  of  shape. 

The  Fiirves  furnace  is  an  extension  of  the  Adamson-joint  principle,  and 
is  shown  in  fig.  169.  This  furnace  is  said  to  possess  quite  as  much  trans- 
verse etifiuesB  as  the  Fox,  while  posseesing  superior  longitudinal  rigidity ; 
it  is,  moreover,  easier  to  clean  and  to  repair. 

For  corrugated  fnmaoee,  the  following  rules  hold  good : — 

D  being  takeu  sa  the  sniBUeat  outside  diameter  in  inches. 
(6)  Working  preesnie  =  W '  (Lloyd's  RegUtor). 

I  is  the  tbioknces  in  aixteenths  of  an  inch. 

D  is  the  Bmalleet  diameter  oaldde. 

0  =  12S9  for  Fox's,  Morison'B,  Deighton's,  Beardmore's,  or  Leeds  Forge  bulb 

furnaces  where  made  of  steel,  26  to  80  tons  tensile  strength. 
0  =•  1160  for  E'nrves',  when  the  ribs  are  fl  inches  apart;  or  Brown's,  ribs  8  or  9 

inches  apart. 
0  o    MS  for  Holmss'.  and  G  =  912  for  Fsmley's. 

(e)  Working  presaare  =  C_><_^!jL^  (BritUh  Corporation). 

O  >  12G0  for  Leeda  Forge  balb  furnaces, 

C  =  1160  for  Fox's,  Pnrvea',  Deighton's,  Horisoo's,  and  Brown's. 
C  =    990  for  Holmea'  and  Fornley's. 

{d)  Working  pressure  =  C  ''^  "  ^*  (Bureau  Veritas); 


f^  173  shows  Morison's  furnace  with  its  back  end  so  formed  ss  to 
permit  of  the  furnace  being  withdrawn  through  the  hole  in  front  of  the 
[toiler,  without  sacrificing  any  of  the  good  features  of  the  method  of  jointing 
of  the  oombuetion  chamber. 

Messrs.  John  Brown  &  Oo.  have  also  a  furnace  with  a  bock  end  formed 
•0  as  to  permit  of  the  furnace  being  withdrawn  in  the  same  way.  In  dm 
mso,  however,  (he  fnmace  is  reduced  somewhat  ia  diameter  and  flanged 
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outward  rII  round.  Tbi*  flange  is  not  concentric  with  the  body  of  the 
furnace,  its  centre  being  higher  so  aa  to  permit  of  the  connection  of  the 
tube  plate  in  the  usual  way,  the  h^ck  tube  plate  being  flanged  and  riveted 
into  the  oombustion  chamber  all  round,  and  formed  with  ■  round  bole 
corresponding  to  that  of  the  famaoe  neck. 


Fig.  )T3. — Remov&tile  Famace  by  the  Leeds  Forge  (ABblio's  Patent]. 

HeUkodB  of  Connecting  Furnaces  to  End -plates. — There  are  three 
distinct  ways  of  accomplishing  this : — 

(1)  By  means  of  angle-iron  ringi  (fig.  174)  outside  of  the  furnace,  and 
either  inside  or  outside  of  the  boiler  end,  and  in  some  rare  cases  inside  the 
furnace  and  inside  the  end.  This  is  the  older  method,  and  copied  from 
the  practice  of  the  land  boiler-makers.  It  was  a  very  cheap  method,  and 
a  convenient  one  when  expert  smiths  oonld  not  be  obtained,  or  when  the 
plates  were  not  soft  enough  to  stand  flanging;  but  there  is  always  an 
objection  to  strain  angle-iron  across  the  grain,  and  two  rows  of  rivets 
and  four  caulking  edges  are  never  so  good  as  half  that  number. 

(2)  By  flanging  the  fumtux  to  meet  the  front  (fig.  176). — This  is  a  great 
improvement  on  the  angle-irons,  an  it  avoids  the  two  chief  defects  of  that 
■;stem,  but  still  retains  one^viz.,  that  the  pressure  on  the  ends  tends  to 
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open  the  joint.  The  flangiitg  is  invariablj  outwards,  aad  the  root  should 
h»ve  good  curvature,  the  radius  of  the  outer  surface  being  at  least  1^ 
iochea.  Since  steel  luia  been  used,  this  method  has  been  practically  dropped, 
u  it  does  not  admit  of  the  furnace  being  withdrawn  in  cose  of  need. 

(3)  Byjfanging  AtJrorUplaU  inwards  (fig.  176)  or  outwards  (fig.  177)  to 
meet  the  furnace.  The  former  is  the  most  general  method,  the  latter  being 
resorted  to  only  when  the  boiler  is  so  small  as  to  prevent  the  rivets  finm 
being  properly  ■■  held  up,"  and  when  it  is  necessary  to  have  the  furnaces 
very  near  the  shell     In  naval  ships  the  boilers  are  very  generally  mode  in 


this  way.  This  makes  the  best  finish  to  the  boiler  front,  and  leaves  more 
room  for  man- and  mud-holes,  Ju;., and  permits  of  mnch  neater  furnacefronts. 
The  joint  (fig.  176)  is  capable  of  being  caulked  at  both  edges,  and  the  strain 
on  it  is  across  the  rivets,  and  does  not,  in  consequence,  tend  to  start  the 
caulking. 

Longltndliial  Joints  of  Fornacea. — When  plain  furnaces  are  fittid,  the 
plates  are  better  Joined  by  welding,  where  there  are  men  capable  of  doing 
the  work.  With  proper  appliances  there  is  little  difficulty  in  performing 
this  operation,  and,  with  practice,  the  men  become  very  expert  and  sure  of 
their  work.  There  are  two  methods  of  effecting  the  weld,  the  one  consisting 
in  tnraing  the  edges  ap  after  sKghtly  "upsetting"  them,  bringing  them 
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oIomIj  togsther  over  «  itrong  fiame  till  niaed  to  a  welding  heat,  when  thej 
are  hammered  down  flat  on  a  snitable  anvil,  placed  inside  the  fomaoe ;  the 
other  method  ia  preferable  when  the  plates  to  be  joined  are  of  the  same 
quality,  as  it  consuts  of  inserting  a  bar  between  the  two  edges  which  hare 
been  pnTiously  "  upset "  and  bevellftd,  the  plates  and  bar  being  raised  to 
the  welding  heat  in  a  separate  &n.  Steel  of  special  seotion  is  ofl»n  osed 
BOW  to  form  the  "glut"  and  preaerre  an  uniform  thickness.  If  the  plates 
are  connected  by  a  riTeted  joint,  there  is  a  great  advantage  in  welding  the 
end  of  the  joint,  so  that  no  leaktse  may  occur  from  it  where  it  joins  the 
oombaation  chamber  and  boiler  end. 

The  next  beat  form  of  joint  for  plain  fhmaoea  is  the  butt  with  doable 
straps  and  single-riTet«d,  and  this  was  the  one  adopted  when  8t«el  was  first 
employed.  When  oonnected  by  butt  straps,  the  steel  plates  may  be,  with 
advantage,  welded  at  the  ends  of  the  joint. 

Combuition  Chambert, — The  length  of  a  combustion  chamber,  measured 
in  line  with  the  fumaoe,  should  be  such  that  its  capacity  above  the  level  of 
the  fire-bars  is  equal  to  the  total  capacity  of  the  furnace,  when  the  boiler  is 
single-ended  ;  when  double-ended  and  one  combustion  chamber  is  common 
to  opposite  fnmaoes,  the  capacity  of  the  combustion  chamber  should  be 
equal  to  three-fourths  of  the  combined  total  capacity  of  the  two  fiimacea. 

To  obtain  such  a  capacity  of  combustion  chamber  when  the  boiler  is 
single-ended,  or  double-ended  and  divided  transversely,  the  length  mast  be 
about  two-thirds  the  diameter  of  the  furnace,  and  when  common  to  two 
opposite  famaoes,  it  must  nearly  equal  the  diameter  of  fumaoes. 

Combustion  obombers  are  sometimes  formed  with  flat  tops  (fig.  133),  and 
sometimes  by  curving  the  back  plate  over  the  top  to  meet  the  flange  of  the 
tube  plate  (fig.  130).  The  latter  plan  avoids  the  necessity  of  the  girder 
stays  required  to  stav  the  flat  top,  and  reduces  the  numlier  of  joints  of 
plating,  but  the  capacity  of  the  combustion  chamber  is  less,  and  tjie  space 
for  tubing,  Ao.,  oontracted.  It  is  often  claimed  for  this  form  that  staying  ia 
avoided,  but  this  is  not  a  substantial  gain,  as,  in  a  single-ended  boiler,  the 
stays  which  are  neoessary  for  the  back  end-plates  form  the  stays  of  the 
chamber,  and  in  a  double-ended  boiler,  if  stays  are  omitted  between  the 
chambers,  the  Board  of  Trade  surveyors  require  additional  staying  in  the 
steam  space  to  tie  the  andt  qf  the  boUer  together.  Although  the  plan  was  a 
favourite  one  with  many  engineers  a  few  years  ago,  it  is  now  seldom  seen. 

The  thickness  of  plates  and  pitch  of  stays  are  of  course  interdependent^ 
but^  as  a  rule,  the  chambers  of  large  boilers,  whose  working  pressure  is  150 
lbs.  per  square  inch  and  upwards,  are  made  of  t-inch  to  |-incfa  plates,  and 
those  of  smaller  boilers,  or  those  working  at  lower  pressures,  are  made  of 
^inoh  to  i-inch  plates. 

By  the  Board  of  Trade  roles,  a  stay-bar  If  inch  in  diameter,  screwed  10 
threads  per  inch,  will  sustain  73  square  inches  at  a  workine  pressure  of  150 
lbs.,  and  only  65  square  inches  at  200  lbs.,  while  a  If-inob  stay,  with 
9  threads  per  inch,  will  sustain  77  sqnare  inches  at  a  pressure  of  200  lbs. 
A  plate  ^  inch  thick  requires  a  stay  for  7-74  ioches  pitcb,  or  60  square 
inches  at  a  pressure  of  160  lbs.,  while  a  |-inch  plate  requires  one  for  9-3 
inches  pitch  or  8$  square  inches  for  that  pressure;  for  SCO  lbs.  pressure,  the 
^inob  plate  requires  a  stay  for  a  pitch  of  6  inches  or  66  square  inches. 
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T  ifl  the  thiokneflB  of  &i,i  plate  in  dxteentlu  of  an  moh;  8,  area  of  anrfftoe 
supported  in  squora  inches ;  0,  b>  oonatant  which,  for  sorewed  stays  with 
nuts  and  plates  exposed  to  flome^  but  in  oontaot  with  water,  is  100. 

For  stays  in  steam  space  fitted  with  riveted  washers,  two-thirds  the 
pitch  in  diameter,  nats,  &o.,  210  if  washers  are  of  the  same  thickness  as 
plate,  bat  only  165  if  with  [dain  washers  two-thirds  the  thickness  of  plate 
and  three  times  tiie  diameter  of  stay. 

The  bottom  of  the  chambers  should  be  ^  to  ^  inch  thicker  than  the 
sides,  as  from  variouB  canses  there  is  often  rapid  wear  in  that  part ;  alno  to 
avoid  excessive  staying  and  to  provide  for  burning,  which  sometimes  takes 
place  there,  the  plates  at  the  top  should  be  -X  i°°^  thicker. 


The  back  tnbe  plates  vary  in  thickness  from  A  in  small  boilers,  and  i: 
_  filers  for  low  pressures,  to  \  inch,  and  even  I  inch,  in  large  ones  for  higi 
pressures.     Generally,  in  modem  boilers  of  ordinary  sizes  and  pressures,  we 


back  tube  plate  is  |  to  ]  inch  thick,  the  former  being  the  Iwst  size  when 
possible,  as  with  it  the  tabes  can  be  made  quite  tight,  and  there  is  less 
liability  of  cracking  the  plates  or  baming  m«  tube  ends  than  with  the 
thicker  plates. 

The  back  plate  and  tnbe  plate  of  the  oombuetion  chamber  are  almost 
invariably  flanged  inwards  to  take  the  aide  platea  and  those  on  the  top 
and  bottom ;  some  makers  have  tried  to  make  the  chambers  by  flanging 
the  sides  top  and  bottom  to  meet  the  back  and  tube  plates ;  but,  as  this  is 
very  troublesome  to  efibot  and  prevents  the  tubes  fh)m  being  extended  to 
tlie  sides  and  top,  it  ia  seldom  followed.  The  flange  of  the  top  plate  of  the 
furnace  iboald  be  inside  the  chamber,  and  connected  to  the  tube  plate  with 
eoDnter«nnk  rivets;  the  landing  edge  is  then  turned  away  from  the  "wash" 
of  the  flame,  and  no  rivet  heads  are  exposed  to  it.  The  landing  edges  of  all 
joints  of  plating  exposed  to  water  should  be  downwards,  so  that  deposit 
cannot  lodge  on  them;  when  tbey  are  upwards  on  the  water  side  the 
deposit  on  them  is  very  considerable,  and  it  ia  found  that  rapid  corrosion 
then  takes  place  in  the  angle  beneath  it. 

Tabes. — The  tubes  in  ^e  ordinary  marine  boiler  are  from  3}  inches  to 
4  inches  external  diameter,  the  usual  sizes  being  from  2^nches  to  3^  inches 
in  the  mercantile  marine,  and  2}  inches  to  2}  inches  in  H.M.  Kavy.  With 
the  ordinary  natural  draught  the  tabes  should  not  be  more  than  24 
diameters  long ;  with  the  forced  draught  they  may  be  as  much  as  60 
diameters  long,  as  in  a  locomotive  boiler,  but  the  practice  in  torpedo  boats 
and  steam  launches  is  to  make  the  tubes  abont  36  diameters  long.  The 
length,  however,  does  not  matter  so  much  with  forced  draught. 

The  spaaing  of  the  tabes  often  depends  on  drcumstanoes,  but  in  the 
mercantile  marine,  where  space  and  weight  of  machinery  are  not  of  such 
moment  as  in  the  Navy,  the  pitch  of  the  tabes  is  usually  1-4  x  diameter. 
There  is  less  liability  to  prime  when  the  tubes  are  widely  spaced,  and  they 
are  more  easily  cleaned  fhmi  scale.  For  (he  latter  purpose  they  are  arranged 
in  rows,  both  horiiontally  and  vertically,  and  not  zigzag,  as  often  seen  in 
locomotive  boilers. 

Tubes  are  manufactured  of  a  certain  minimum  thickness,  and  said  to  be 
"aooording  to  list*  when  so  made.  If  the  pressure  they  are  intended  to 
withstand  does  not  exceed  60  lbs.,  tbey  may  be  "according  to  list";  if  it 
does  not  exceed  100  lbs.,  they  should  be  "  1  gauge  thicker  than  the  list"; 
if  the  pressure  does  not  exceed  ISO  lbs.,  the  tubes  should  be  "  2  to  S  gauges 
thicker  than  the  list." 


lUNtTAL  or  MARINE  INOINIBRING. 


The  following  tiable  givea  the  thiokneu  aoder  the  vkriona  oircnmit&nces 
in  the  namben  of  the  Leg»l  Stuiduil  Qange : — 


TABLE  XLVl.— BoiLKB  Toots. 


ExUruldiuneteroItnbca,  Int., 

i 

2* 

2i 

21 

31 

3J 

31 

4 

ThioknesaforMlba.,     -        L.8.O., 

12 

12 

11 

11 

M 

10 

10 

10 

9 

ThiokDM.  to  100  Ibt..    -        L.S.U., 

11 

U 

10 

10 

10 

9 

9 

» 

S 

Thickneu  to  160  Ibe.,    -        L.aO., 

10 

10 

9 

9 

8 

7 

7 

S 

ITiiokiieMtoaOOIbe.,    ■        L.8.O., 

• 

• 

0 

8 

8 

' 

7 

6 

6 

It  ii  usiul  to  nutke  the  tubes  of  slightlj  larger  {-^  to  ^  inch)  diameter  at 
their  Iront  end,  ao  as  to  draw  out  easily  when  once  started  from  the 
plates.  Tube  maQofiMituren  will  swell  the  ends  to  ^  inch  lai^g^r  dia- 
meter without  extra  charge. 

Boiler  tubes  are  made  of  iron,  steel,  haid  copper,  and  brass;  when  of 
iron  they  are  mannfactared  from  strips  of  the  best  Staffordshire  iron,  l€^ 
welded ;  when  of  steel  they  are  oftea  made  lap  welded  like  the  iron  ones, 
but  more  generallj  they  are  soUd  drawn — those  of  water  tnbe  boUen  are 
alwsTS  solid  drawn  for  naval  purposes ;  when  of  oopper  or  brass  they  are 
asaall;  solid  drawn,  and  consequently  withoab  a  joint.  For  ordinary  marine 
purposes,  copper  and  brass  tubes  are  seldom  or  never  used  now. 

Iron  tubes  are  almost  always  used  in  the  mercantile  marine ;  brass  tubes 
were  used  in  the  Nary,  partly  because  of  their  superior  conducting  power, 
but  chiefly  on  account  of  their  endurance  and  reliability,  as  the  iron  tnbea 
then  made  seldom  lasted  more  than  four  years,  and  after  only  as  many  days 
a  few  would  sometimes  prove  defective  from  small  boles  being  formed, 
which  rapidly  enlarged  with  the  rush  of  water  and  steam  through  them. 

Sram  tuhes  are  made  of  a  composition  of  68  per  oent  of  B.8.  oopper  and 
33  per  cent,  of  spelter,  which,  when  drawn  out  into  the  tube,  has  a  very 
high  tensile  strength  and  is  very  tough.  Snub  tubes  lasted  ten  or  twelve 
years  under  ordinary  circumstances,  but,  if  used  with  ooal  contaioing  much 
sulphur,  they  perished  more  rapidly  and  lost  the  toughness.  They  coat 
about  four  times  the  price  of  iron  tubes,  but,  when  condemned,  are  worth 
about  half  the  original  cost,  and,  sinoe  they  lasted  at  least  double  the  time 
and  their  superior  efficiency  was  a  sufficient  set-ofiF  for  interest  on  capital, 
the  brass  tubes  were  more  economical  than  the  iron  ones.  The  chief  objeo- 
tion  to  their  continued  use,  however,  is  partly  a  financial  one,  as  the  prime 
cost  is  higher,  and  insurance,  tx.,  depends  on  it  as  well ;  bnt  the  fact  that, 
when  dirty,  their  conducting  power  ia  very  little  better  than  iron  ones,  and 
that,  with  forced  draught,  the  scour  soon  damages  the  ends  near  the  fire, 
together  with  the  much  longer  life  of  iron  or  steel  tabes  consequent  on 
better  care,  have  caused  the  abandonment  in  both  N'avy  and  mercantile 
marine  of  brass  tubes. 

Steel  tuhet  aro  now  being  used  on  a  large  scale  ;  but  the  early  experience 
with  this  metal  for  tubes  is  no  more  happy  than  that  of  some  few  engineers 
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with  it  for  boiler  plates ;  then  is  ateel  and  steel,  and  because  tubes  of  that 
material  failed  egregiously  manj  years  ago,  it  is  do  reaton  why  tubes  made 
of  modern  steel  should  not  be  used  now,  especially  in  steel  boilers.  The 
Admiralty  use  welded  steel  tubes  in  cylindrical  boilers,  and  the  tube-makera 
are  assured  that  they  can  make  as  perfect  a  weld  with  tlie  mild  steel  strips 
they  use  as  with  iron.  For  internal  pressure,  however,  a  solid-drawn  tube 
is  preferred. 

To  preserve  the  ends  of  the  tubes  in  the  back  tube  plate  from  being 
wasted  away  and  the  severe  action  of  flame  on  the  tuoe  plates,  the  Admiralty 
direct  that  iron  ferrules  are  to  be  fitted  to  them.  These  ferrules  (fig. 
178)  are  made  of  malleable  caet  iron;  they  have  a  slight  taper  and  a 
muahroom-ahaped  flange,  so  that  when 
driven  home  they  are  very  tight  and  pro- 
tect the  end  of  the  tnbe  and  surrounding 
plate  completely. 

Stay  Tubes.— The  tube  pUtes  are 
oanally  held  and  stiffened  by  some  of  the 
tubes  of  greater  thickness  being  arranged 
as  stays  ;  for  that  purpose  they  are  screwed 
at  the  ends  with  a  fine  thread  (10  to  12 
threads  per  inch),  and  either  tapped  into 
both  plates  or  tapped  into  the  back  plate 
and  screwed  by  nuts  to  the  front  plate.  Fig.  ITS. 

The  better  plut  is  the  former,  the  back 

end  thread  is  tninvt  and  the  front  end  plus,  and  the  tube  screwed  into  both 
plates  at  the  same  time.  The  section  of  thread  in  this  plan  is  in  excess 
of  that  of  the  tube  owing  to  it«  lai^  diameter,  and  the  tube  can  be  with- 
drawn at  any  time  without  disturbing  the  others.  If  fitted  with  nuta,  there 
is  great  difSculty  in  getting  the  tube  out,  generally  necessitating  the  with- 
drawal of  a  whole  row,  while  there  is  re^ly  no  difficulty  in  tapping  the 
holes,  and  no  necessity  for  nuts.  The  stay  tubes  in  the  Htkvy  have  a  plus 
thread  at  each  end,  the  diameter  of  the  front  end  being  larger  than  that 
at  the  back ;  in  this  case,  the  thickness  at  bottom  of  thread  is  the  same 
as  that  of  the  body  of  the  tube. 

Stay  tnbes  are  usually  ^  inch  thick  in  the  body,  and  as  the  thread  is 
j^  inch  deep,  it  is  only  ^  inch  thick  at  the  bottom  of  thread.  '  Some 
makers  prefer  to  fit  thicker  tubes,  and  space  them  farther  apart.  For  100 
pounds  working  pressure  and  upwards,  the  stay  tubes  being  ^  to  }  inch 
thick,  each  alternate  tnbe  should  be  a  stay  tube ;  that  is,  in  a  nest  of,  say, 
64  tubes,  there  will  be  16  stay  tubes. 

Stay  tnbes  generally  outlast  two  sets  of  the  ordioarj  tubes. 

Serve  tuba,  manu&ctured  by  John  Brown  Sc  Co.,  Sheffield,  have  a  series 
(6  to  8)  of  longitudinal  ribs  running  the  whole  length  of  the  tube  and 
projecting  inwards  about  (  inch,  thus  forming  an  additional  absorbing 
surface  for  the  heat.  Besides  the  additional  surface,  this  tube  causes  a 
better  circulation  of  the  hot  gases  within  it.  Id  small  boilers  especially  is 
this  tube  a  useful  one,  as,  wiUi  a  Urge  grate  area,  a  sufficient  beating  aui&ce 
can  be  obtained. 

Selardert. — By  introducing  into  the  inside  of  a  plain  tube  a  twisted  strip 
of  metal  of  the  same  breadth  as  the  inside  diameter,  Howden  found  a  con- 
siderable gain  in  efficiency,  owing  to  the  hot  gases  getting  stirred  and 
circulated  in  their  passage  through  it. 
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Stajt. — FUt  •arf40«i  hkTe  to  be  itiffened  ukd  tied  together  hj  ban 
called  ttav*.  When  the  plate  sarfcoea  are  close  together  uid  oamp«r«tiTel7 
tfaio,  10  that  the  sUiJb  are  ahort  and  anmeroua,  they  are  aoreved  into  both 
platei,  and  the  ends  either  riveted  over  or  fitted  with  lock  nnU ;  aaoh  stAya 
are  atually  called  "aorewed  atays."  Aa  haa  been  aaid,  the  thickness  of 
platea  and  pitch  of  ataja  ia  inteidependentL  The  aiie  and  number  of  tha 
■taya  depend  on  the  presanre  they  have  to  withatand.  The  atays  in  the 
■team  spaoe  maat  be  ao  spaced  that  a  man  can  paai  between  Uiem,  aad  for 
this  purpose  they  shonld  never  be  nearer  than  li  inches,  centre  to  centre, 
and  are  uaoally  16  to  17  iDchea  centres,  which  gives  a  clear  spaoe  of  12  to  14 
inches  between  them.  These  stays  are  seldom  more  than  3  inches  efiectiTe 
diameter,  and  as  the  exact  spacing  of  them  depends  on  the  form  and  sise  of 
the  boiler,  they  are  generally  arranged  to  snit  the  particalsr  case,  and  the 
diameter  variml  to  give  a  section  adequate  to  the  load  each  haa  to  bear.  To 
admit  of  easy  aooeaa,  these  stays  are  arranged  in  horisontal  and  vertioftl 
rows  as  nearly  as  possible. 

The  Admiralty  allow  a  stress  of  16,000  lbs.  per  aqnare  indi  of  efiectiv^ 
area  of  stay  when  at  the  test  pressure,  which  is  usoally  90  lbs.  above  the 
working  preasure.  If  the  stays  are  below  11  in^es  diameter,  only 
16,000  lbs. 

The  Boaird  <if  Tmda  allow  9000  lbs.  per  souare  inch  at  working  pressnre. 

lAoyii  Regutry  allow,  on  steys  not  exoeeaing  I^  inches  emalleet  diameter 
at  working  pressure,  8000  lbs.  on  "  screwed  "  stAvs  and  9000  lbs.  on  others ; 
on  stays  above  1}  inches  smallest  diameter,  9WK)  lbs.  on  "aorewed"  staya 
and  10,000  Ibe.  on  other* 

BritiA  Oorporaiion EuU ia  D  -  J-  '[7^  +  ^ 

8  ■>  the  Borfaoe  in  square  inches  supported  by  the  stay. 

D  —  the  effective  diuneter  of  stay. 
W  »  the  working  pressure. 

O  -  7700  for  steel  screwed  aUys ;  8900  for  steel  longitudinal  stays. 
Bvrem*   Veritas  has  the  same  rule,  but  0  —  300  x  tensile  strength  of 
metal  in  tons,  which,  for  iron,  is  22  tons,  and  for  steel  according  to  test. 

When  of  iron,  the  large  stays  are  often  made  with  a  p^  thread;  this 
necessitetes  making  the  ends  separate,  and  welding  tbem  to  the  body,  which 
is  of  somewhat  smaller  diameter  than  at  the  bottom  of  thread  of  the  ends. 
This  is  a  somewhat  expensive  prooesa,  and,  as  it  iuYolvea  two  welds,  is  not 
so  reliable  aa  aimply  screwing  a  rolled  bar  with  a  minus  thread  at  each  end. 
The  latter  plan,  especially  since  the  making  of  steel  boilers  has  beoome 
general,  is  now  fast  taking  the  place  of  the  former;  it  has,  too,  the 
advantage  of  excess  of  section  in  the  body  where  moat  corrosion  takes  place. 
These  stays  are  secured  to  the  plate  with  a  nut  and  washer  outeide,  and  a 
nut  inside  te  lock,  whose  length  ia  two-thirds  that  of  the  outside,  which  is 
one  diameter  long.  When  weight  is  of  oonaequenoe,  steel  bars  may  be 
swelled  and  have  a  pfus  thread  by  "  upsetting  **  the  ends,  as  the  Board  of 
Trade  now  permit  this. 

The  screwed  stays  are  usually  from  1}  te  1|  inch  diameter,  with  a 
Whitworth  standard  fine  thread.  The  most  naefnl  sizes  are  1^,  If,  and  1^ 
inch,  suitable  for  ^  to  |  inch  platea,  and  pressures  from  60  to  200  lbs.  per 
square  inch.  When  screwed  through  a  plate  whose  thickness  is  less  than 
half  the  diameter,  there  should  always  be  a  lock  nut  with  a  thin  washer,  the 
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nnt  being  two-thirds  the  diameter  of  the  atay  in  length.  The  practice  of 
"nobbling,"  or  riveting  over  the  ends  of  these  Btaya,  is  very  objectionable 
when  they  pass  through  thin  plates,  as  extreme  presanre  is  very  apt  to  oaaae 
the  stay  to  draw  completely  through  the  plate,  and  this  i«  especially  so  when 
the  plate  is  dactile  and  soft  like  mild  steel. 

When  stays  are  fitted  with  nuts  and  washers  at  their  ends,  the  following 
mle  holds  good  : —  * 

Pitch  of  stays  in  inches  =  10  x     /(fh'c^new  of  plates  in  sixteeaths)"! 
y  Working  pressure  ' 

BxannpU. — What  pitch  of  stays  is  suitable  for  a  plate  j  inch  thick  for  ft 
working  pressure  of  60  lbs.  f 

Pitch  -  10  X  J^,  or  12-9  inoKes. 


Board  of  Trade  RviU  .—Working  pressure  = 


-  (T  +  1)' 

a-6     • 


T  being  thickness  of  plate  in  sixteenths  of  an  inch, 
S  the  snrCice  in  square  inches, 

0  being  100  for  screw  stays  with  nuta,  165  for  longitudinal  with 
nnta  and  washers  two-thirds  the  thicknesa  of  plate. 

C  X  T* 

Uoyda  Utile : — Working  pressure  =>  — ^j — . 

P*  being  the  mean  of  squares  of  pitches  in  rows  and  between  rows, 

and  0  and  T  as  before. 
C,  for  screwed  stays  with  nuta,  110  with  plates  under  y'^  inch 
thick  ;  over  ^  and  under  -^  inch,  120;  over  ^  inch,  135; 
loDgitndinal  stays,  with  double  nuts  and  outside  riveted 
wadhers,  two-fifuis  the  pitch  in  diameter,  and  half  the 
thickness  of  plate,  200. 

0  x  (T  -  11* 
BrilUh  Corporation  Rvie: — Working  pressure  «  — p^ — ^T"^- 

Here        F  is  the  greatest  and  p  the  least  pit«h. 

0  is  330  for  screwed  stays  with  nuts,  and  176  for  stays  with  double 

nuts  and  outside  riveted  wafers,  the  latter  b^ng  half  the 

thickness  of  plate  and  two-fifths  the  pitch  in  diameter. 

Bweau  Veritaa  Rule  is  similar  to  that  of  the  British  Comoration,  but 

the  value  of  0  changes  with  the  tensile  strength  of  the  plate^  and  for 

screwed  stays  with  nuts  4153  for  27-ton  steel,  and  461-5 for  30-ton.    For 

longitudinal  stays  with  inside  tmd  outside  nuts  and  washers,  the  outside 

wafers  being  0-4  of  the  pitch  in  diameter,  and  two-thirds  the  thickness  of 

pUte,  0  is  435-4  and  483-8. 

lilat  plates  may  be  stiffened  to  allow  of  wider  spacing  of  the  stays  than 

fiven  by  this  rule,  by  fitting  thick  washers  of  large  diameter  to  each  stay,  or 
y  connecting  the  stays  to  ttie  plates  by  means  of  angle-irons  or  T-bus;  the 
latter  plan  possesses  the  advantage  of  distributing  die  strain  over  a  large 
area,  and  tiiat  without  a  doubtful  joint,  as  is  the  case  with  nuts.  The  old 
plan  of  riveting  a  doubling  plate  of  common  iron  in  wake  of  the  large  stays 
has  almost  disappeared. 

Water  Spaces. — ^The  spates  between  the  furnaces  themselves,  between 
the  furnaces  and  shell,  and  between  the  combustion  chambers,  although 
BOntetimes  diminished,  should  not  be  less  than  5  inches ;  that  between  t^« 
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bftcki  of  eombnitioD  chunbera  and  ahfill  should  taper  firom  6  inches  «t  th« 
bottom  to  9  uid  eren  13  inchea  at  th«  top,  to  allow  of  the  free  camnt 
gpwud  of  the  ■team  generated  on  the  Burfaoea.  If  the  spaces  are  less  than 
6  inches,  it  U  veiy  difficult  to  hold  np  rivets,  to  clean  the  aarbces  &om 
scale,  or  to  get  a  good  circulation. 

The  space  between  the  nests  of  tubes  should  not  be  less  than  10  inchea, 
and,  when  possible,  should  be  12  inches.  This  permits  a  man  to  go  down 
to  clean  across,  and  ensures  good  circalation. 

IIU-holeB. — The  chief  one  in  the  shell  should  be  OTal,  16  inches  by  IS 
inches;  those  in  the  ends,  Ac,  may  be  16  inches  by  11  inches;  and  the 
smallest  tbrongh  which  a  boy  can  paM  is  14  inches  by  10  inches.  Mod- 
holes  are  generally  9  inches  by  6  inches,  and  peep-holes  6  inches  by  i  inches. 
The  hole  out  in  the  shell  plating  should  be  snrroonded  by  a  donbling  plate 
or  angle  bar  ring,  to  compensate  for  the  metal  cut  away,  and  the  holes 
tbroogh  thin  plates  should  have  such  rings  to  stiffen  the  edges.    A.  better 

Silan  is  to  flange  the  plate  inwards  so  as  to  atifien  the  edge  and  give  a  good 
ace  for  the  door  jointa;  this  is  now  very  generaL  The  doors  are  oBajJly 
placed  Inside  the  boilera,  and  held  to  their  wes  by  studs  screwed  into  them, 
which  pass  through  strong  cross  bars  or  "  dogs,"  held  by  square  nnts  ;  the 
niMn  door  in  the  shell  is,  however,  sometimes  fitted  externally,  and  oon- 
neoted  to  a  flanged  ring  with  bolts,  in  the  same  way  as  a  steam  chest  door 
on  the  engines.  The  doubling  ring  is,  in  this  latter  case,  formed  of  a  very 
thick  angle-iron,  whose  de^  vxb  is  flanged  to  fit  to  the  boiler,  and  whose 
flange  forms  the  face  for  the  door. 


CHAPTER  XXL 

BOILRB   HODHTIHOS  AlTD  riTTINaS. 

Smoke  Box. — This  appendage  to  the  boiler  is  for  the  purpose  of  reoeiving 
the  products  of  combustion  as  they  emerge  from  the  tubes,  and  oondnoting 
them  through  the  "uptakes"  into  the  funnel.  In  the  old  box  form  of 
boiler,  it  was  built  inside,  and  formed  an  integral  part  of  the  boiler ;  hut, 
with  the  modem  cylindrical  boiler,  it  is  a  separate  structure,  secured  to  the 
boiler  front  by  studs.  It  is  constructed  of  iron  or  steel  plates  and  angles  of 
"ship"  quality,  and  made  "smoke  tight"  only;  it  should,  however,  be 
oaulked  if  necessary,  to  prevent  air  passing  to  the  inside.  In  front  of  the 
tubes  are  a  number  of  doors  hung  on  hinges,  and  so  arranged  that  every 
tube  may  be  swept  or  removed  in  case  of  necessity.  The  doors  should  be  of 
such  a  siiB  as  to  be  easily  handled,  and  when  the  nests  of  tubes  are  so  large 
as  to  cause  the  door  to  be  too  ponderous  if  made  in  one,  two  doors  may  be 
fitted  to  close  on  a  portable  stanchion,  The  doors  are  sometimes  arranged 
to  open  on  a  horizontal  and  sometimes  on  a  vertical  axis;  the  latter  ia 
preferable  when  possible,  as  then  they  are  more  easily  handled. 

The  bottom  of  the  smoke-box  should  be  at  leasfclSinchesbnMul, measured 
in  direction  of  the  length  of  the  boiler,  and,  when  possible,  as  much  as  16 


FUNNEL.  467 

inchu.  If  too  narrow,  it  ii  soon  filled  with  soot  uid  ashes,  so  u  to  cover 
the  ends  of,  uid  render  unless,  the  bottom  rows  of  tubes ;  the  baffle  plates 
on  the  doors  ore  also  soon  burned  awaj.  The  bottom  plate  should  m  at 
least  2  inches  below  the  bottom  row  of  tubes,  and  the  side  plate  the  same 
dist&noe  from  the  aide  tubes,  so  that  the  tubes  may  be  drava  clear  of  the 
2-inch  angle-iron  rim  around  the  doorways.  The  front  of  the  smoke-box  is 
aloped  outwards,  so  as  to  be  about  twice  the  breadth  of  the  bottom  from  the 
bouer  front,  above  the  level  of  the  top  row  of  tubes.  Above  this,  the  smoke- 
box  contracts  towards  the  funnel  base,  and  its  configuration  must  depend  on 
the  position  of  this,  and  on  the  consideration  that  the  section  transverse  to 
the  flow  of  gases  must  have  an  area  at  least  equal  to  the  area  through  the 
tabes.  The  part  between  the  smoke-box  and  funnel  is  called  the  "  uptake," 
or  "  take-up";  it  should  have  easy  bends,  and  lead  as  directly  as  possible  to 
the  fiinnel,  and  be  without  recesses  and  obstacles  where  the  draught  may 
be  baffled. 

The  bottom  and  sides  of  the  smoke-box  and  sides  of  the  uptake  should  be 
of  ^inch  plates  for  large  boilers,  ^  for  smaller  ones,  and  where  weight  is  a 
consideration  ^  is  sufficient.  The  amoke-box  doors  should  be  of  the  same 
thickness,  and  have  baffle  plates  ^  inch  thick  on  the  inside,  and  air  or  screen 
plates  of  the  same  thickness  on  the  outside;  these  screen  plates  prevent 
radiation  of  the  heat  to  the  stoke-holes,  uid,  for  the  same  purpose,  the  sides 
of  the  smoke-box  and  uptake  should  be  fitted  in  the  same  way.  When  steel 
is  used,  there  may  be  a  reduction  of  20  per  oent.  in  these  thicknesses,  and, 
in  naval  ships,  the  outer  casings  may  be  ^  inch  only.  Steel  sheets  are  now 
cheaper  than  iron,  and  will  stand  flanging,  bending,  and  working  in  a  way 
that  is  impossible  with  iron ;  consequently  iron  is  now  seldom  used  for  such 
purposes  as  these. 

To  protect  the  boiler  front,  which  has  only  steam  on  its  inner  surface, 
the  uptake  should  have  a  back  commendng  from  just  above  the  level  of  the 
top  row  of  tubes.  When  this  cannot  be  done,  a  good  and  well-fitting  baffle 
plate  should  be  fixed  to  the  boiler  front. 

A  casing  is  also  fitted  round  the  funnel  &om  its  base  to  the  level  of  the 
deck  casing,  to  prevent  radiation.  A  oorrespondiDg  casing  is  fitted  round 
the  ftinnel,  above  the  level  of  the  deck  coamings,  to  a  convenient  height, 
and  over  Uiis  is  fitted  a  hood  secured  to  the  funnel,  so  as  to  prevent  water 

Kasing  down,  while  allowing  the  hot  air  to  come  out.  This  hood  is  called 
various  names,  as  "cravat,"  "bonnet,"  4c.  (fig.  180).  It  is  now  often  at 
tfie  top  of  the  funnel,  so  the  latter  is  completely  protected  from  the  weather 
(fig.  179). 

Where  there  are  several  boilers  discharging  smoke  to  one  funnel,  each 
smoke-box  should  have  a  separate  uptake,  so  that  the  smoke  from  one  does 
not  enter  the  box  of  another ;  and,  when  there  are  no  good  aahpit  doors, 
thero  should  be  a  damper  in  each  of  these  uptakes,  so  as  to  regulate  the 
draught  and  get  a  uniform  evaporation  from  all  the  boilers,  and,  in  case  of 
necessity,  to  isolate  a  particular  boiler. 

FonneL — Thia  is  usually  of  circular  section,  but  sometimes,  to  minimise 
the  transverse  size  of  the  boiler-hatch,  it  is  made  of  oval  section.  The 
,  funnels  of  men-of-war  are  often  made  of  oval  section  for  the  same  reason, 
but,  instead  of  the  section  being  an  ellipse,  as  is  generally  the  case  in  the 
mercantOe  marine,  it  is  like  that  of  an  oval  boiler.  The  best  height  to  look 
well  is  6  to  7  diameters  above  the  tafirail,  the  latter  when  there  are  high 
bridges  or  boats  in  wake  of  the  funnel.    For  the  same  reason,  the  ring  for 
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ths  ibroiida  ■boold  be  Jl  tb*  diunstcr  from  the  top.  Fmuiels  sre  made  of 
■idp  qnaJitj  pUte,  lai^joiDted,  or  bntt-joinled  vith  dnele  stimpa  inside ;  the 
Utter  ooate  more,  bat  when  to  m^de  U  more  donibTe.  Another  method 
much  in  fashion  at  one  -time,  and  vhich  presents  a  good  appearance,  is  to 
make  the  longitudinal  joints  with  inside  batt-straps,  and  the  circnmibreiitial 
with  a  band  of  iron  of  a  flattened  IJ  section  (fig.  180). 

The  funnel  plates  ihonld,  for  strength,  be  tfiioker  at  the  bese  than  at  the 


Fig.  179.— NsTsl  snd  Yscbt  Funne)  Top. 


0.— OrdinuyF 
Hood,fto. 


top,  bat  the  top  plates  wear  oat  faster  than  those  at  the  bottom.     The 
following  maj  be  taken  as  the  approximate  thickness  of  fannel  plates  :— 
Top    plates  >■■  O-I    inch  +  0-026  for  each  foot  of  diameter. 
Middle  „     -  0-125  „      +  0-026  „ 

Bottom  „     -  015    „     +  0-027  „  „ 

If  the  fannel  is  stiffened  with  angle  or  T  bars  (fig.  179),  it  may  be  msde 
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of  somewhat  thinner  plates.  The  /unnela  of  naval  shipi  are,  of  ooarse, 
made  as  light  as  poBiible,  and  the  plates  composing  them  are  seldom  more 
than  ^  inch  thick,  and  of  steel. 


TABLE  XLVII. — Pitch,  Ac.,  or  Rivbtiho  for  Fuknels,  Gabihgs,  Aa 
(Admiraltv  Work). 
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Furnace  Fronts  and  Dootb. — Although  often  made  of  cast  iron,  they  are 
better  made  of  wrought  iron  to  withstand  the  rough  use  to  which  the;  are 
exposed.  It  is  from  this  cause  that  all  the  improved  doors  which  have  been 
tried  have  been  finally  rejected ;  and  because  of  this  rough  ussge  all 
attempts  at  refinement  in  the  fittings,  &o.,  meet  with  want  of  success  on 
board  ship.  The  smaller  the  door  the  better,  as,  when  open,  an  ezoess  of 
air  passes  into  the  furnace  and  lowers  its  efficiency ;  on  the  other  hand, 
it  must  be  large  enough  to  stoke,  work,  and  clean  the  fires  properly,  A 
long  grate  requires  a  larger  door  than  does  a  short  one.  Furnaces  of 
large  diameter — that  is,  above  42  inches — should  have  a  pair  of  doors  to 
be  used  alternately.  The  amount  of  opening  when  stoking  or  cleaning 
fires  is  thereby  reduced,  and  the  sides  of  the  grate  are  better  attended  to. 

The  doors  should  be  so  arranged  aa  to  reuiBin  open  in  a  seaway  when 
required;  this  may  be  efleoted  by  making  a  proiection  and  corresponding 
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reooM  in  tho  hinge.  A.  mtu  dunper  ihould  be  fitted  to  the  fin  door,  m 
thftt,  when  open,  k  anpply  of  air  ia  admitted  to  the  firea.  The  baffle  plate 
iaaide  the  door  shoald  hare  a  nnmber  of  small  perforations  in  thia  case,  to 
fiaehr  divide  and  to  diatrihnte  the  extra  supply  of  air. 

nre-bui. — The  length  of  grate  should  never  exceed  twice  the  diameter 
of  the  famace,  as  the  Grei  cannot  be  properly  worked  when  this  is  the  owe. 
To  get  the  highest  efficiency  of  grate,  it  should  not  be  more  than  1^  times 
the  diameter.  The  slope  of  the  grate  should  be  1  inch  to  the  foot,  which 
may  be  increased,  in  fumaoes  over  43  inches  diameter,  to  1^  inch  with 
advantage.    If  the  grate  is  over  6  feet  long,  there  is  generally  some  difficnlty 


in  properly  stoking  the  back  end,  and  it  is  only  a  good  fireman  who  o«a 
properly  work  the  fire  on  a  long  grate.  The  increased  slope  materially 
nelpa  to  overoome  this  difficulty,  and  at  the  same  time  the  fire  is  better 


supplied  with  air  at  the  back,  and  not  ehoked  by  the  products  of  coat- 
bustion  from  the  front. 

The  bridge  or  brick  barrier  at  the  end  of  the  grate  should  be  bailt 
to  snch  a  height  that  the  area  of  passage  over  it  is  not  less  than  ^  nor 
more  than  j-  the  grate  area ;  and,  when  possible,  the  distance  &om  the 
top  of  the  bridge  to  the  top  of  the  fumaoe  should  be  sufficient  for  a  man 
to  pass  into  the  oombustion  chamber. 

When  South  Walea  or  other  similar  coal  is  to  be  burnt  on  tiie  grate, 
there  should  be  no  space  between  the  bars  and  the  side  of  the  fumaoe; 
when  the  fiimaoea  are  oormgated,  these  side  bars  should  be  made  to  fit 
into  the  oormgationa. 

The  fire-buv  are  usually  in  two  lengths ;  but  the  grate  is  more  efficient 
when  they  are  in  one,  as  the  bearer  is  avoided,  which  baffles  the  free  flow 
of  air  to  the  fire  above  it,  and  prevents  the  fireman  from  "priddng" 
effectively.  Cast-iron  fire-bars  to  bum  bituminous  coal  may  be  5  feet  6 
inches  loiu,  but  if  the  ooal  contains  much  sulphur  they  are  safer  in  two 
lengths.  The  Admiralty  do  not  allow  the  bars  to  be  longer  than  27  inohea, 
even  when  made  of  wrought  iron,  as  they  generally  bum  Welsh  coal,  and 
may  have  to  use,  on  foreign  stations,  ooal  containing  sulphur. 

Fire-bars  are  made  from  }  to  IJ  inch  broad  on  the  face;  the  former 
is  better  when  the  ban  are  not  very  long,  and  when  of  wrought  iron  may 
with  advantage  be  even  ^  inch.  In  the  mercantile  marine  1^  inch  is  the 
usual  breadth  when  the  bars  are  long. 

The  depth  of  the  bar  at  the  middle  depends  on  the  length,  and 

should  be : —  

—  0'6  js/length,  when  of  cast  iron, 

and  »  0'5  j>/tength,  when  of  wrought  iron. 

The  thickness  at  the  bottom  should  be  one-third  the  breadth  at  the  &ce, 
and  should  taper  to  two-thirds  beneath  the  flange. 

For  burning  bituminous  coal  there  should  be  a  space  of  (  inch  at 
least  between  the  bars,  and,  when  it  cakes  quickly,  there  may  be  as  much 
as  }  inch;  but,  if  Welsh  ooal  or  American  anthracite  is  to  be  burnt,  there 
should  never  be  more  than  (  inch  spaces,  and  with  narrow  bam  the  space 
may  with  advantage  be  less. 

HarUn'B  Patent  Bars  consist  of  wrought-iron  bars  of  square  section  placed 
with  the  angles  upward,  and  so  arranged  that  the  bars  may  be  slightly 
turned  so  as  to  clean  the  fires. 
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Hendanoi^B  Patent  Door  and  Bars. — This  is  one  of  the  most  auccessful  of 
the  improved  gratea.  The  bara  are  of  cast-iron  and  ordinary  aection,  hung 
in  a  frame,  which  can  be  easily  moved  by  meana  of  levers,  so  aa  to  slightly 
mov^  alternate  bars  longitudinally;  this  movement,  while  carrying  the  fiiel 
gradually  to  th«  back  of  the  furnace,  breaks  up  the  clinker,  and  obviates 
the  necessity  of  cleaning  the  fire.  The  door  of  the  fnrnace  is  hinged 
horizontally  ftt  the  bottom,  and  bo  arranged  as  to  drop  into  a  recess  in  the 
dead  plate  left  for  it,  which  reoeas  is  filled  by  a  back  piece  attached  to 
the  door,  and  tarns  down  as  the  door  opens;  if  the  fin  needs  cleaning, 
the  door  is  tnmed  still  fiurther,  bo  as  to  leave  the  gap  in  the  dead  plate, 
and  form  a  slope  below  it  to  ahoot  the  clinker  and  cinders  into  the  ash- 
pit instead  of  raking  them  on  to  the  Btokehole  floor.  The  furnace  front, 
too,  is  oarefhlly  designed,  bo  as  to  pass  a  current  of  air  completely  about 
it  between  the  front  and  back,  thus  serving  the  double  purpose  of  keeping 
the  front  comparatively  cool,  and  of  heating  the  air  before  entering  over  the 
fire.  This  arrangement  of  grate  permits  of  a  rapid  and  complete  oombustion 
of  coal  equivalent  to  a  moderate  forced  draught,  as  may  be  seen  by  referring 
to  Tables  Id  and  \e,  where  grates  are  marked  "H." 

Liquid  Fuel. — To  hum  petroleum  refuse  and  other  similar  liquidB,  a 
special  burner  is  necessary,  and  on  its  efficiency  depends  the  economy  of 
using  such  iuels. 

The  fnnctions  of  sach  an  apparatus  are  to  direct  the  fluid  in  a  steady 
stream  to  the  place  where  ignition  commences;  to  pulverise  it,  or  "  spray" 
the  stream  so  as  to  permit  of  quick  and  perfect  ignition;  to  project  the  flame 
in  the  required  direction,  and  to  keep  it  constantly  going  with  the  least 
possible  expenditure  of  steam,  or  anything  else  which  costs  money. 

Mr.  James  Holden,  the  well-known  locomotive-auperintendent  engineer 
of  the  Great  Eastern  Railway,  after  experimenting  for  a  considerable  time 
with  the  the  burners  nsed  on  the  Caspian  Sea  and  in  America,  devised  an 
instrument  of  his  own  superior  to  any  of  them,  which  has  been  found  to 
give  the  greatest  satisfaction,  both  on  locomotives  and  on  shipboard,  by 
performing  its  duties  efficiently  and  without  fail  over  considerable  periods. 
Steam  is  employed  to  drive  the  liquid  through  the  nozzle  (fig.  129),  but, 
before  doing  so,  it  has  induced  a  flow  of  air  in  with  it  from  the  central  tube, 
which  air  mingles  with  the  pulverised  liquid  and  helps  to  bum  it  com- 
pletely, as  well  as  to  famish  the  oxygen  required  for  ignition.  The  ring 
around  the  nozzle  is  charged  with  steam,  and  this  forms  a  heater  for  the  air 
cnrrent,  which  flows  past  it  to  the  nozzle.  There  are,  however,  other 
burners  which,  if  not  so  efficient  as  this,  have  the  merit  of  not  requiring 
steam  to  work  them  (vide  Sir  F.  Flanner/s  paper  in  Tram.  I.  Naval 
Arehiieelt,  vol.  xliv,). 

Btop-valve. — The  main  Btop-valve  should  be  of  suffioient  Bize  to  pass  out 
all  the  steam  the  boiler  is  capable  of  making  tmth  Hale  raitlanae,  but  no 
more  than  all.  The  chief  loss  of  pressure  in  the  cylinders  is  often  due 
to  the  atop- valves  being  only  partially  open;  on  the  other  hand,  when  the 
cylinders  are  lai^  and  the  strokes  of  the  piston  comparatively  slow,  priming 
may  be  efieotive^  checked  by  partially  closing  the  stop-valve,  so  that  there 
is  no  sudden  withdrawal  of  steam,  in/act,  the  valv«  ihould  not  fxut  out  toon 
ateam  than  th«  boiler  is  making. 

The  area  of  opening,  sufficient  to  pass  all  the  steam  a  boiler  can  make 
oan  be  obtained  from  the  following  rule  :— 

D.gitizect.yG00glc 
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Are,  of  oriao.  -  *""  '■~^^'°''-"  »  ». 

B  is  Um  nte  of  erapontion  per  Bqo&re  foot  of  heating  surfMe,  P  le  the 
prossnre  »beoliite. 

The  areft  through  a  pipe  to  carry  away  the  steam  is  two  to  three  timea 
the  net  ar«a,  depending  on  the  length  (Table  ziva). 

The  diameter  of  the  stop-Talve  is  generally  settled  from  oonmderationB  of 
the  site  of  the  main  steam  pipe  at  the  engines.  Let  D  be  the  di&meter  ot 
the  main  steam  pipe,  and  n  the  nomber  of  ooilera  (at  least  two),  then 

Diameter  trf  bnuioh  pipe  to  each  boiler  -  D  W_, 

The  aiM  <^  pipe  secticm  to  stiit  a  hmkr  may  be  found  by  the  following 
mle:- 


100 


(0-26  sqnara  inch  per  square  foot  of  grate  +  0K)1  square  \  ^    f 

inui  per  square  foot  of  total  heating  Borfaoe)  /     Vpraosore 

Swamplt. — To  find  the  diameter  of  ateam  pipe  from  a  boiler  wboee  grate 
area  is  50  square  feet,  and  the  total  heating  eaifaoe  is  1500  square  feets 
pressure,  80  lbs.  

A«»  of  section  -  (0-26  x  BO  +  0-01  x  1500)  x  J^ 
M  30-7  square  inches. 
Therefore  the  diameter  should  be  6^  inches. 

ExamjiU. — To  find  the  diameter  of  the  main  steam  pipe  of  a  locomotdTO 
boiler  whose  grate  area  is  16  square  feet,  the  total  beating  snrfiooe  1200 
square  feet,  and  ths  pressure  100  lbs.  

Area  of  section  -  (035  x  16  +  0-01  x  1200)  x  J^ 

—  13'09  square  inches. 

Therefore  the  diameter  should  be  4^  inches. 

The  diameter  of  the  stop-valve  should  be  such  that  the  clear  area  post  it 
is  not  less  than  given  by  the  above  rules. 

The  diameter  of  spindle  —  -^ x  Vpressure  +  J  inch. 

The  valve  and  seat  are  of  a  bronze  which  should  be  both  hard  and  strtms 
at  the  temperature  of  the  ateun  passing  it  (Chapter  xxv.).  The  valve  should 
have  ^a  boiler  preasure  always  on  the  side  opposite  the  spindle,  so  that  it 
helps  to  open  it.  The  ^indle  should  have  a  square  thread,  and,  when 
possible,  the  screwed  part  should  be  outside,  so  that  in  opening  or  shutting 
t^e  valve  the  spindle  does  not  turn  round.  As  tiie  full  pressure  is  on  the 
valve  when  shut,  the  bridoe,  dto.,  should  be  strong  enough  to  withstand  it. 
The  seat,  when  fitted  witb  wings  for  the  guide  to  the  spindle,  should  be 
carefully  secured  and  the  wings  curved,  so  that,  when  expanding  with  the 
heat,  the  seat  is  not  distorted.  These  seats,  when  fitted  into  cast  iron,  are 
very  apt  to  get  loose  and  leak  from  the  permanent  set  <A  the  metal,  induced 
by  tJie  resiat«noe  of  the  cast  iron  to  expansion  of  the  bronze^    They  should. 


ogle  . 


SAFffTY  VALVE.  473 

therefore,  be  secured  by  bolts  or  atuda  to  the  iron  casting,  and  it  joint  made 
which  will  keep  tight  in  spite  of  expansion,  &c,  much  in  the  same  way  as 
die  pipe  joints  are  done. 

The  Admiralty  require  etop-Talves  and  all  other  boiler  monntiogs  to  be 
made  ot  bronze.  This,  no  doubt,  is  a  wise  precaution,  though  it  has  not 
alw^a  prevented,  but  in  some  cases  has  been  tiie  oause  of,  accident. 

Ihe  Admiral^  likewise  require  all  stop-Talves  to  be  self-acting,  that  is, 
they  shall  close  on  the  pressure  in  i^e  boiler  being  decreased  below  that  in 
the  main  steam  pipe.  This  is  wi&  the  object  of  locahsiug  l^e  danger  and 
disconnecting  the  boiler  in  case  of  accident  to  it  from  shot,  &c.  Such  valves 
have  their  spindles  tamed  down  at  their  oater  ends,  so  as  to  paaa  through  a 
hole  in  the  screwed  shank,  fitted  to  the  cross-piece,  as  shown  in  fig.  161,  and 
with  cross-handles  to  pennit  of  the  valve  being  turned  or  closed  as  required. 


Fig.  181.— Naval  Boiler  Stop-valve. 


Safety  Talvs. — As  ite  name  implies,  this  valve  ia  for  the  purpose  ot 
providing  a  safe  and  self-acting  means  of  relieving  the  boiler  from  excessive 
pressure.  A  good  safetv  valve  should  be  (1)  large  enough  in  diameter,  and 
have  sufficient  lift  to  allow  the  steam  to  escape  as  fast  as  it  is  generated, 
when  the  pressure  is  S  per  cent,  above  that  to  which  the  valve  is  loaded ;  (2) 
it  should  be  so  made  that  it  closes  again  as  soon  as  the  pressure  has  dropped 
below  the  load ;  (3)  it  should  be  free  to  open  and  shut,  so  that  it  may  always 
act  efiideutly  and  promptly ;  (4)  it  should  be  so  enclosed  that  it  cannot  be 
tampered  with  or  accidentally  interfered  with  by  pieces  of  coal,  &c.,  falling 
into  it ;  and  (S)  for  marine  purposes  it  must  be  so  constructed  as  not  to  be 
affected  by  the  motion  of  the  ship. 

It  is  nnnecessary  to  deal  with  weight-loaded  valves,  as  none  are  now  used, 
the  fifth  condition  being  satisfied  by  means  of  steel  springs  for  the  load 
(fig.  183).  When  weights  were  used,  the  amount  of  lift  given  to  the  valve 
by  the  Bt«am  pressure  was  very  small,  and,  since  the  lifting  of  the  valve 
compresses  the  spring uid increases  the  load,  the springloadea  valve  opens 
leas.    This  being  so,  area  of  opening  can  only  be  obtained  by  increasing  the 
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dumetor  of  the  taIvs.  Msoy  iageniona  mel^oda  of  inoreaaiag  the  lift  Iutb 
been  tried,  but  all  tliose  inTolvmg  the  oae  of  apecial  mechjuusm  hftve 
giTen  pl^ce  to  ihoee  which  do  wimout  it;  tlie  most  snooessEul  and  beet 
known  of  the  latter  is  Richardson's  Patent  (fig.  183),  generally  called 
Adam^,  after  the  name  of  the   manufacturer,  who  purchased,  improved, 
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Fig.  182. 
and  worked  the  patent  in  this  oountrv,  and  Cookbam'a  Yalve  (fig.  184), 
designed  and  made  by  Messrs.   Cockoum,  of    Glasgow.     These   consist 
essentially  of  an  ordinary  mushroom  valre  -wUh  a  secondary  outer  rim 
of  U  aeotioQ  which  OTerlapa  the  rim  of  the  seat,  so  that  there  is  a  second 
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contracted  orifioe  ftt  the  outer  edge  of  this  rim.  As  soon  an  the  valve 
opens,  t^e  steam  fiUs  the  outer  rim,  and  the  valve  is  then  virtually  of 
larger  area;  the  load  on  it  is  bo  suddenly  increased  that  the  valve  lifts 
wide  open  immediately,  and  will  continue  to  vibrate  with  the  spring  until 
the  pressure  falls  so  as  to  be  ineafficieiit  to  open  the  valve  when  th&  latter 
tonchee  the  seat  in  one  of  its  vibrations.  The  second  condition  is  beat 
fulfilled  when  the  valve  can  be  made  to  dance  over  its  seat  from  the  vibration 
of  tlie  spring.'  The  third  condition  can  only  be  fulfilled  by  making  every 
movable  part  a  very  easy  ajtd,  in  most  cases,  a  very  slack  JU,  and  having 


springs  whose  resistance  to  compression  is  nniform  on  every  side ;  this  is  a 
qulify  not  always  found  in  the  springs  supplied  commercially,  and  adjusting 
a  spring  when  made  is  expensive  and  trouWesome ;  to  avoid  tiie  evils  due  to 
this  cause,  Messrs.  Cockbum  have  devised  a  joint  for  the  spindle  which  shall 
adjust  itself  to  suit  the  irregularity  of  pressure  when  tte  spring  is  com- 
pressed (fig.  184o).  . 

To  prevent  the  valve  from  being  injured  by  accident  or  design,  it  should 
be  enclosed  in  a  case,  and  the  Board  of  Trade  require  that  such  cases  shall  be 
locked  up,  and  the  key  kept  by  the  captain  of  the  ship. 
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The  Bize  of  Stttij  Vahe. — This  depends  on  the  ixtlume  of  stetua  which 
out  be  generated  by  the  boiler  in  a  ffj^OD  time,  and  th&t  depends  on  the 
weight  of  fuel  it  cut  consume,  on  ite  ^oiencT)  and  on  the  working  pressure. 
In  similar  boilers — that  is,  boilers  made  on  the  same  general  design  and  for 
tibe  same  pressure — ^this  volume  of  steam  varies  wit£  the  grate  are*.  The 
original  rule  laid  down  by  the  Board  of  Trade  for  the  area  c^  safety  valve  is 
based  on  this,  and  it  was  foond  to  work  satisfactorily;  since  then,  however, 
new  rules  have  been  laid  down.  Strictly  speaking,  any  rule  for  the  safety 
valve  sboiild  fix  the  amoont  of  eireumferenee  rather  than  area,  and  con- 
siderable atlowance  should  be  made  for  the  load  pressure,  as  for  the  same 
weight  of  steam  the  volume  varies  inversely  as  the  pressure. 

The  following  are  the  rales  for  the  sice  of  valve : — 

(1)  To  satisfy  the  Board  of  Trade,  tiiB  valvea  must  not  be  in  any  cam  less 
than  2  inches  in  diameter,  and  for  each  boiler  with  natnral  draught,  the 
area  of  valve  or  valves  combined  must  not  be  less  than  given  by  this  rule. 

Area  of  safety  valve  in  square  inches  —  —^  x  grate  area  (square  feet), 

P  being  the  ahaoluU  boiler  preesnre.     For  forced  draught  the  area  found  1^ 

ihe  above  rule  must  be  multiplied  by  ^,  where  0  is  the  estimated  ooal  ocnt- 

Bumption  in  lbs.  per  square  foot  of  grate  per  honr. 

(2)  Lloydt  retain  the  old  Board  of  Tnde  Rule  that  the  valve  area  must 
be  at  the  rate  of  }  square  inch  for  each  square  foot  of  grate^  but  allow 
special  valves  of  any  sise,  so  long  as  they  he  satisfactary  when  tested. 

(3)  The  Frtnek  OovemmmU  RuU  is  based  on  the  amount  of  heating  Bur> 
face  contained  in  a  boiler,  and  this,  perhaps,  is  the  truest  gauge  of  a  boiler's 
capability,  as  it  bears  a  constant  relation  to  the  amount  at  roal  consumed  ; 
allowance  is  also  made  for  the  st«am  pressure.  The  diameter  is  in  inches, 
the  heating  surface  in  square  feet,  and  Uie  pressure  in  lbs.  per  square  inch. 

Diameter  of  valve  (if  only  one)  -  i  .23 . /^^^^^^^ 
^  '        '  \        pressure  +  9 

(4)  The  Oennan  Qoverwment  £ule  also  makes  allowance  for  the  steam 
pressure,  and  is  as  follows  : — 

To  Iwve  a  oUar  area  of  valve  or  ralves,  after  deducting  for  the  wings  or 
other  obstaclee,  at  the  rate  of  so  many  tquare  millimelrta  for  each  sqnare 
metre  of  total  heating  surface,  in  aocordance  with  the  following  table ; — 


Working  presBure  in  atmo- \ 
Bpheroi    -        .        -        .; 
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(S)  An  improved  role,  irliiGh  is  siniple  and  easily  used,  is — area  of  each 
of  two  valves  -  (0-05  square  inch  per  square  foot  of  grate  +  0-OOS  square 


£xampU. — ^To  find,  by  the  varioos  rules,  the  size  of  a  pair  of  safety  valves 
for  a  boiler  whose  grate  area  is  45  square  feet,  heating  sur&ce  1600  square 
feet,  and  working  pressure  180  lbs. 

(1)  By  Board  of  Trade. 


Area  >-»->■ 


195 


Therefore  the  diameter  u  2|  inches  of  each  valve. 

(2)  By  French  Government  rule. 

Diameter  -  '^'^^Jtoq §  -  3-47  inches. 

(3)  By  German  Government  rule,  for  one  valve. 

Clear  area  -  60  x  1500  +  10-76  -  8365  square  millimetrea. 

w  .  8365       ,,  .     , 

Met  area  —  -.  ,■  —  13  squ&re  inches. 

Add  to  this  2  square  inches  for  obstruction  of  wings, 

gross  area  —  16  square  inches, 
and  diameter  for  one  valve  is  4-4  inches,  for  each  of  two  valves  3-1  inches. 

(4)  By  the  improved  rule. 

Area  =  (005  x  45  +  0-003  x  1500)  x  J^  =  7-3 square  inches. 

Therefore  diameter  u  3-1  inches. 

The  mitre  on  a  safety  valve-seat  should  not  be  more  than  yV  inch  broad, 
except  for  very  large  valves,  and  the  bearing  area  in  any  case  need  not 
exceed  tiiat  necessary  for  a  pressure  of  1200  lbs.  per  square  inch  on  it  when 
there  is  no  steam  pressure  on  tbe  vsJve ;  hence 

Breadth  <rf  mitre  =  diameter  of  valve  « Mm^ — ' 

The  Board  of  Trade  rule  for  the  size  of  steel  for  the  spring  is 

8  is  the  total  load  on  the  valve ;  D  the  diamet«r  of  coil,  measured  from 
centre  to  centre  of  wire,  in  inches ;  d  ia  tlie  diameter  of  round  wire,  and  tite 
side  of  square  section  wire ;  C  is  8000  when  the  coil  ia  made  of  round  section 
steel,  and  11,000  when  of  square  section  (vide  Appendix  D). 

Ibitemal  Pipes  should  be  fitted  from  the  stop-valves  to  the  highest  part 
of  the  boiler,  and  be  made  with  holes  or  slits,  whose  collective  area  is 
equal  to  twice  the  area  of  section  of  the  pipe. 
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The  chief  object  of  this  pipe  ia  to  collect  the  ateam  gently  Eroia  every 

part  of  the  boiler,  so  ma  to  avoid  aetting  np  a  strung  carretit  in  one  partdcnlar 

directioii,  and  thereby  induce  primiitg.     These  pipes  are  asnally  made  c^ 

braaa,  bat  aome  engineera  prefer  copper,  and  otnen  make  them  of   cast 

iron   to  avoid  risk  of  galvanic  action  and  reduce  ihe  cost.     By  fitting  an 

internal   pipe,  the  stop-valve  can  be  placed   in  a  poeitioii  convenient    for 

examination  and  working  and  it  shonld  always  be   so  situated  as  to  be 

easy  of  access  at  all  times.     Arrangements  sboald  also  be  made  for  opening 

and  shotting  it  without  going  into  a  position  of  daiurar  or  difficulty,  and 

this  can  always  be  effected  by  lengthening  the  spin^es  or  fitting  chain 

gear.     The  Admiralty  and  aome  passengepship  owners  insist  on  having  gear 

fitted  so,  that  the  stop  valves  can  be 

shut  from  on  deck  as  well  as  in  the 

atoke-holes. 

In  the  mercantile  marine,  the  atop- 
and  safety-valve  boxes  are  almost  in- 
variably made  of  caat  iron;  the  valvea, 
seats,  and  spindles  being  (rf  bronze. 
The  Admiralty  require  all  boiler 
moantings  to  be  made  of  bronze  or 
cast  steel,  and  do  not  allow  oast  iron 
to  be  used. 

Feed-TalTes.— Bach  boiler  should 
be  fitted  witii  a  eelf -acting,  non-retnm 
valve,  throngh  which  the  main  feed- 
water  is  pumped.  It  shonld  also 
have  a  screw  spindle,  which  may  be 
used  to  regulate  the  lift,  or  to  shot 
it  down  when  water  is  not  required. 
There  should  also  be  a  m'Tnilur  valve 
through  which  the  auxiliary  pmnp  "^n 
discharge  water  to  the  boiler. 

The  valve  is  generally  of  mush- 
room form,  and  made  similar  to  the 
ordinary  stop-valve,  except  that  it  is 
Fig.  185.— Improved  Peed  Cli«ak  Talva.      detached  from  the  spindle.    It  is  made 
wholly  of  gnn-metal,  and  shonld  be 
very  strong,  as  at  times  the  pressure  on  it  mav  be  excessive.     An  inner 
easing  should  surround  the  valve  (fig,  185),  and  be  formed  or  pierced  in 
auch  a  way  that  the  flow  is  fairly  even  round  the  periphery,  otherwise  the 
valve  tends  to  cant  and  wear  its  seat  unevenly,  with  leeJcage  as  a  con- 
sequence.    Locomotive  engineers  sink  the  feed  cneck  valve  seat  well  below 
the  discharge  orifice  for  this  purpose. 

There  should  be  4  square  inches  of  dear  area  through  the  valve  and  pipe 
for  every  100  Iba.  of  water  evaporated  per  minute;  or,  put  in  a  more 
convenient  form — 

Area  through  main  feed-valve  in  square  inches 

—  total  heating  surface  in  square  feet  -^  250 ; 

and,  area  through  donkey  feed-valve  in  square  inches 

—  total  heating  aurfftoe  in  square  feet  -f  300, 
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As  Uke  feec}-Talvas  cannot  &Iways  be  placed  on  that  part  of  tlie  boiler  best 
raited  to  receiTO  iiie  feed-water,  and  also  in  order  to  diatribnte  that  water  so 
as  to  avoid  its  affecting  the  boiler  platea,  an  internal  pipe  should  be  always 
fitted.  To  avoid  the  necessity  of  blowing  the  boiler  down  in  case  of  accident 
to  the  feed-valves,  it  is  a  very  common  practice  to  fit  these  valves  high  up  on 
the  boiler,  even  in  many  cases  above  the  water-level.  This  plan  also  has  the 
advantage  of  providing  a  means  of  warming  the  feed-water,  than  which 
nothing  is  more  essential  for  the  preservation  of  Uie  boiler;  the  heating  is 
effected  by  the  passage  of  the  water  Uirongh  a  long  internal  pipe  of  brass  or 
copper,  which  leads  it  to  where  there  is  a  down  cnrrent  of  water,  so  that  the 
comparatively  cold  feed-water  may  not  interfere  with  the  circulation.  To 
permit  of  the  check  valves  being  examined  and  ground  in  without  emptying 
the  boilers,  a  atop  valve  is  fitted,  as  shown  in  fig.  186a,  and  proved  te  be  very 
naefnl,  especially  in  ships  making  long  voyages. 


Fig.  IBSo.— Feed  8t«p  and  Check  Talv»,  Combined. 


Some  engineers  prefer  to  inject  the  feed-water  in  the  form  of  spray, 
either  above  or  a  littie  way  beneath  the  snrfaoe  of  the  water  in  the  boiler ; 
this  avoids  all  chance  of  injury  to  the  boiler  plates,  as  any  gaseons  matter 
mechanically  mixed  with  the  feed-water  is  at  once  given  up  and  mixes  with 
the  steam. 

Great  care  shoold  be  taken  in  any  case  that  the  internal  feed-pipes  "run 
fall";  that  is,  that  they  are  never  at  any  time  filled  or  partly  filled  with 
steam,  but  always  with  water. 

The  dynamic  effect  of  the  steam  on  the  feed-water,  when  mixed  inside 
the  pipe,  is  very  startling ;  every  stroke  of  the  feed-pump  delivering  cool 
watw  produces  a  concussion  by  the  sudden  condensation  of  the  steam,  so 
that,  in  a  very  short  time,  boUi  external  and  inttmal  pipes  are  damaged 
seriously 


480  HANUAL  or  HARINI  INOINSKRniO. 

To  RToid  tliU,  tfie  intenuil  pipe  ahonld,  when  diachuging  ahove  the 
water-level,  be  turiied  wpioard  at  tibe  end,  so  u  to  always  remun  filled  with 
water;  and  when  tnmea  downward  to  disadiarge  under  water,  the  end  shoold 
be  well  below  the  lowest  working  level. 

An  additional  means  of  safety  is  sometimes  afibrded  by  fitting  inside  the 
boiler  a  dack  valve,  so  arranged  as  to  close  over  the  end  of  the  intenial  pipe 
or  on  the  spigot  c^  the  ordinary  check  valve ;  when  this  ii  provided,  the 
latter  can  be  examined  when  steam  is  up.  A  cock  is  also  sometimes  fitted 
dose  to  the  check  valve,  so  that  the  supply  can  be  r^^lated  by  it,  instead  (tf 
by  interfering  with  the  lift  of  the  check  valve. 

Blow-off  Cock. — A  cock  used  to  he  fitted  at  or  near  the  bottom  of  the 
boiler,  to  answer  the  double  purpose  of  admittiiig  sea-water  before  getting  np 
steam  and  to  blow  off  some  of  ute  water  when  required.  This  cock  abould 
be  a  very  stavng  one,  as  it  is  liable  to  rough  usage,  and,  being  out  of  si^t 
and  not  easily  got  at,  it  is  very  apt  to  be  neglected.  For  this  reason,  as  well 
as  because  a  la^  cook  a  difficult  to  open  and  shut,  some  engineers  pr^r  a 
valve  to  a  cock.  If  a  cock  is  fitted,  it  should  be  so  arranged  that  its  handle 
or  spanner  cannot  be  removed  when  it  is  open.  Sea-water  is  now  seldom  or 
never  used  for  filling  boilers  working  at  high  pressures,  so  that  a  connectioo 
with  the  sea  la  not  necessary,  but  when  it  is  the  clear  area  tiirough  a 
blow-off  cock  should  be  —  1  square  inch  ■(.  0*2  squara  inch  for  each  ton 
of  water  in  the  boiler. 

As  it  is  a  very  reprehensible  practice  quickly  to  blow  off  a  marine  boiler 
when  at  its  normal  working  temperature,  a  somewhat  smaller  cook  is  fitted 
to  ttie  bottom  of  tiie  boiler,  so  that,  when  the  pressure  of  the  steam  is  down, 
the  water  may  run  into  the  bilges  and  be  pumped  overboard. 

Scorn  Cook. — A  cock,  having  a  clear  area  tnrough  it  of  one-third  that  (X. 
the  blow-off  cock,  should  be  fitted  to  the  boiler,  near  to  the  level  of  the 
wat«r,  and  to  it  is  connected  a  perforated  pipe,  inside  the  boiler,  not  lower 
than  the  lowest  working  level.  The  object  c&  this  pipe  is  to  collect  all  aeam 
and  floating  impurities  from  the  water  and  discharge  it  overboard.  Con- 
siderable quantities  of  grease  and  greasy  matter  are  pumped  with  the 
feed-wat«r  into  the  boiler,  and  should  be  got  rid  of  occasionally.  A 
particular  kind  of  hard  grease  is  sometimes  formed  in  the  condensers  of 
engines  whose  cylinders  are  lubricated  with  a  certain  class  of  oils  which 
are  not  pure  hydrocarbons ;  portions  of  it  are  pumped  with  the  feed-water 
into  the  boiler  in  the  form  of  small  pellets,  whidi,  being  of  superior  specific 
gravity  to  pure  water,  sink  to  the  bottom,  and  remain  there  until  the  density 
of  water  increases  sufficiently  to  cause  it  to  rise  and  oome  in  contact  with 
the  hot  surface.  It  is,  therefore,  better  t.i  filt«r  the  feed-water  under  these 
circumstances  than  to  trust  to  a  scum  cock  or  even  to  a  blow-off  cock,  and 
to  use  little  or  no  internal  lubricant;  and,  if  a  lubricant  is  need  at  all,  to 
be  careful  it  is  specially  suited  for  tiie  purpose  and  a  pure  hydrocarbon 
{vide  Chapter  zxvi.). 

The  scum  cock  was  used  as  a  means  of  reducing  the  quantity  of  water  in 
the  boiler  before  adding  a  fresh  supply  from  the  sea;  but,  if  the  surface 
was  dear  of  dirt,  this  was  better  done  with  the  bottom  blow-off,  especially  if 
it  was  possible  to  check  evaporation  for  a  few  minutes  before  blowing  off 

Water  Qange. — It  is  of  the  first  importance  that  those  in  ch^e  of  a 
boiler  shall  know  with  oertainty  the  position  of  the  water-level  within  the 
boiler.  The  ordinary  gauge  for  this  purpose  consists  essentially  of  a  glass 
tube,  whose  ends  communicate  freely  with  the  inside  of  the  boiler,  a^  so 
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situated  on  the  boiler  that  tiie  plane  of  the  water  sarfaoe  bisects  the  tube 
tranaveniely  when  at  its  normal  working  level.  It  is,  however,  found 
necessary  in  practice  to  ose  considerable  discretion  in  tta  choice  of  position 
of  this  gauge.  Since  a  difference  of  one-tentli  of  a  pound  pressure  corre- 
aponda  to  2-7  inches  of  water,  it  is  quite  possible  so  to  place  tne  gauge  as  to 
give  veiv  &lse  readings.  The  upper  end  of  the  gauge  should  not  communi- 
cate with  the  boiler  near  to  any  exit  for  steam,  for  the  rush  of  steam  past 
the  orifice  can  ot^^ily  make  a  reduction  in  pressure  of  one-tenth  of  a  pound  in 
the  gauge  pipe.  The  lower  end  should  abo  be  dear  of  any  part  from  which 
steam  is  evolved,  as  steam  bubbles  might  flow  into  the  pipe,  and  tend  to 
raise  the  water-level  in  the  gloss.  It  should  also  be  well  away  from  the 
currents  due  to  circulation  or  other  causes,  and  as  near  to  "  dead "  water 
as  possible. 

It  is  usual,  especially  with  large  bcolers,  to  fit  the  gauge  cocks  and  Utt 
cock*  to  a  brass  csstang  connected  by  pipes  to  the  bottom  and  top  of  the 
boiler ;  this  is  called  a  "  stand  pip^"  tuid  is  a  necessity  when  the  gauge  is  on 
the  front  of  the  ordinary  boiler.  The  test  cocks  ore  placed  on  the  stand  pipe 
at  the  lowest  and  highest  working  levels,  for  the  purpose  of  checking  the 
glass  gauge,  and  for  use  when  the  latter  is  broken  or  out  of  order.  In  these 
days  of  high  pressures,  however,  they  are  practically  of  no  use,  and  might 
well  be  done  away  with  and  their  price  go  towards  an  additional  glass  gauge. 

The  length  of  the  gauge  gloss  visible  should  be  at  the  rate  of  1^  inch  ntr 
each  foot  of  diameter  of  the  boiler ;  the  external  diameter  of  the  tube  is 
ft  inch  for  small  boilers  and  \  inch  for  large  ones ;  the  glass  is  usoally  about 
ji  inch  thick.     The  Admiral^  use  |-inch  glasses  for  all  sizes  of  boiler. 

The  gauge  is  so  placed  that  the  water  is  just  disappearing,  or,  as  it  is 
generally  sa^  to  be  just  "in  sight,"  when  the  level  is  from  3  to  4  inches 
above  the  top  of  the  oombnstion  chamber ;  the  allowance  should  be  0-3  incb 
for  each  foot  of  diameter  of  boiler. 

The  pipes  connecting  the  stand  pipe  to  the  boiler  should  be  from  1  inch 
to  \\  iaax  diameter,  and  of  strong  copper,  so  as  to  be  fitted  direct  to  the 
boiler.  The  Board  of  Trade  and  some  engineers  insist  on  having  a  cock  on 
the  boiler  at  the  top  and  bottom ;  but  this,  like  many  other  intended  extra 
safeguards,  is  itself  a  r«al  source  of  danger,  for  the  cocks  are  apt  to  be  shut 
by  mistake  or  carelessness,  and  thus  cause  the  gauge  to  show  a  false  level, 
lliat  this  is  no  mere  fanciful  danger  has  been  proved  on  more  than  one 


All  lai^  boilers,  and  those  in  ships  which  are  often  under  sail,  should 
have  two  water  gauges  placed  as  far  apart  as  possible  in  an  athwartship 
vertical  plane. 

The  gauge  and  test  cocks  should  always  be  fitted  with  a  small  plug  in 
line  with  the  bore,  which,  on  being  removed,  allows  a  wire  to  be  introduced 
to  clean  it  of  deposit  and  scale. 

Some  engineers  have  the  stand  pipes  and  connecting  pipes  so  arranged 
that  there  is  a  continuous  flow  from  top  to  bottom  oniy  via  Uie  gkua  tube,  the 
stand  pipe  being  divided  in  the  middle,  or  being  so  formed  that  the  middle 
is  only  a  connecting  bar  for  top  and  bottom  to  prevent  the  glass  tube  being 
drawn  out     This  is  very  simple,  and  safer  than  the  ordinary  method. 

Steam  Qange. — ^The  steam  gauge  on  Bourdon's  principle  is  now  nearly 
universal  and  so  well  known  as  to  need  no  description.  Schceffer's  original 
gauge,  although  less  tiaUe  to  derangeiuent  than  Bourdon's,  is  not  so  accurate, 
and  does  not  find  so  much  favour.    The  boiler  gauge  should  have  a  dial  so 
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marked  that  it  may  register  pressureB  to  at  least  35  per  oeot  higher  than  the 
working  presaure  of  the  boiler.  These  gauges  should  be  carefully  tested  when 
new,  and^at  fi«quent  intervals  after  b^ng  at  work,  as  it  is  often  found  that 
they  require  some  slight  adjustment 

Senonel  Talre. — The  Admiralty  used  to  require  each  boiler  to  have  » 
amall  valve  loaded  with  a  weight  to  a  few  pount^  per  square  inch  above  the 
working  pressure,  so  t^t  in  case  of  the  safety  valvea  Bticking  fast  and  the 
gauge  being  false,  an  alarm  may  be  given  when  there  is  an  excess  of 
pi^ssare.  Such  valves  are  generally  about  i  inch  in  diameter,  but  some- 
times as  small  as  |  inch.  An  arrangement  of  a  small  safety  valve  attaciied 
to  a  whistle  has  been  introduced,  but  there  should  be  no  necessitT  for 
such  refinements,  and  it  is  doubtful  if,  in  time  of  need,  they  would  be 
heeded. 

Weir's  HydroUneter.— This  instrument  {flg.  186)  is  for  the  purpose  of 
warming  the  water  in  the  bottom  of  the  boiler  when  getting  up  steam.     It 


Fig.  1S6.— Weir's  Hydrokineter. 

consists  of  a  series  of  nozzles,  one  within  the  other,  each  having  a  grating- 
body  in  rear,  through  which  the  water  passes  on  its  road  to  the  nozzle,  when 
a  current  is  set  up  by  a  jet  of  steam  issuing  from  the  centre  one.  The  steam 
is  obtained  from  the  auxiliary  boiler,  which  has  been  used  to  supply  the 
winches.  Without  this  instrument  tiie  bottom  of  a  large  boiler  remains 
cold,  even  after  the  steam  is  raised ;  with  it  the  temperature  of  the  water  at 
the  bottom  differs  very  httle  from  Uiat  at  the  top  ;  steam  can  in  this  way  be 
safely  raised  in  a  shorter  time  than  usual,  and  at  no  extra  cost,  and  the 
endurance  of  the  boiler  is  very  considerably  increased.  There  are  many 
other  ways  of  promoting  the  circulation  when  Bt«am  is  up,  hut  none  do  this 
so  efficiently  during  the  time  of  raising  steam  as  the  hydrokineter. 

Steam  Whistles  are  of  two  kinds,  known  as  the  bell-whistle  and  organ- 
tube  whistle ;  the  latter  has  now  superseded  t^e  former,  on  aoconnt  <^  its 
simplicity  of  construction  and  superior  tone.  An  improved  form  has  a 
division  in  the  tube,  or  two  separate  tubes,  so  as  to  emit  two  distinct  notea 
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whicb  m&y  be  in  harmony  or  discord,  and  when  sounded  together  are  heard 
a  long  distance. 

It  is  important  that  the  whistle  sfaall  sound  as  soon  as  the  steam  is 
turned  on ;  to  insure  this  happening,  great  care  must  be  taken  to  keep 
the  whistle-pipe  free  of  water,  which  is  no  very  easy  matter.  It  may, 
however,  be  footed  in  two  ways :  first,  by  leading  the  pipe  from  the 
boiler  into  the  funnel,  and  keeping  it  inside  as  for  as  the  Wet  of  the 


whistle;  second,  by  taking  steam  for  the  steering  engine  from  the  top  of 
the  wfaiBtle-pipe,  tliereby  ensuring  a  constant  flow  of  st«am  aad  no  accumu- 
lation of  watOT. 

Separator. — This,  although  not  a  boiler  fitting,  is  intimately  connected 
with  them;  it  is  almost  unknown  in  tbe  mercantile  marine,  although  it 
might  be  used  sometimes  with  advantage  there  in  order  to  free  the  steam 
frran  water  mechanically  mixed  with  it^    All  men-of-war  were  formerly  fitted 
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with  Bop&ratora,  wid,  from  the  tendency  to  prime  on  the  p&rt  of  tbeir  boOraw 
when  working  at  fall  speed,  &nd  the  dimger  to  the  engines  when  working  «t 
»  high  vetoci^  of  piston,  from  water  getting  into  t^  cylinders,  they  wen 
neoeswry.     Now,  only  ships  with  certAin  w&ter-tnbe  boilers  hftve  separators. 

The  old  sepnr«tor  consisted  of  a  vertical  OTlindrioal  chamber,  h&ving  a 
division-pUto  extending  from  the  top  to  about  half-way  down,  and  so  placed 
that  the  steam  in  goutg  through  tae  separator  moat  pass  onder  this  dia- 
phragm ;  the  object  is  to  separate  out  uie  water  mechanically  mixed  with 
the  steam,  by  dishing  it  agaiost  the  diaphragm,  and  precipitating  it  to  tiie 
bottom  of  the  separator,  wnenoe  it  is  blown  to  the  hot-well  or  sea,  whichever 
is  convenient.  Most  modem  separators  are  constmct^d  on  the  centrifugal 
principle,  so  that  the  water  by  its  great  density  follows  one  ooorae,  while  the 
•team  follows  another. 

Boiler  Qothing. — ^The  boiler  shell  shonld  be  well  covered  with  a  coating 
of  Qon-oondacting  material,  to  preTsnt  loss  by  radiatimi  from  its  sarbce, 
which  may  amount  in  some  cases  to  more  Uian  10  per  cent.  The  material 
used  should  be  a  non-oonductor  tt  heat  as  well  as  incombustible  and  in- 
organic The  following  materials*  are  those  in  general  nee  for  boUtf 
clothing : — 

Siiicate  Cotton,  mannfimtured  from  alag  and  having  the  appearance  of 
cotton,  is  eminently  fitted  for  boiler  olothmg.  It  is  a  good  non-ooDdoctor, 
inoomhustible,  and  imperishable  from  chemical  action ;  it  is,  however,  very 
brittle,  and  for  this  reason  will  not  withstand  mechsnitxl  action ;  and,  tiiere- 
fore,  if  loosely  packed  and  subject  to  vibration,  it  soon  becomes  dust,  which 
is  most  ofTensive  if  it  gets  into  the  engine  bearings. 

A$be*tot  Fibre  has  very  much  the  same  nature  as  silicate  cotton,  it  is 
not  BO  efficient,  but  is  more  ctnrable.  A  paste  made  with  this  nuterial  and 
magnesia  is  ve^  efficient. 

Magntna,  either  alone  aa  oement,  or  mixed  witii  asbestos  fibre  into  a 
pastes  is  a  very  exoellont  coverii^,  and,  moreover,  is  very  light  in  weight,  so 
that  an  extra  thickneas  of  it  weighs  no  more  than  does  an  ordinary  coat  ol 
other  compositions  of  a  similar  nature. 

'«  described  by 


CnbloFoat. 

Cubic  ^ 

iStf,S*"':    :    :    ;    : 

3.  Light  magneaU, 

4.  Granulated  cork, 

5.  Slag  wool  (heavy),         .... 

6.  Kieaelffuhr, 

8.  Pnmioe  (i-inob  mean  diameter),   , 

ft.  Sawdust  (spruoe),          .... 

10.  Aabertoa  flbn 

11.  Sawdoit  (very  moiat) 

O-OH 
O-0S8 
0-062 

o-om 

0-070 
0-073 
0-062 
O-OM 
0-098 
O'lM 
0-298 

Iba. 

6-6 

7-9 
101 

61 
8B-9 
16-0 
M-6 
2S-0 
131 
14-S 

8-3 

ao-e 

26-0 
9-8 

31-8 
fl-6 
7-8 

24-1 

0-5 

137-0 

Ur.  Daviea  notes  that  powdered  pumioe  is  muoh  ioferitw  to  pamioe  in  sinall  Inmpa 
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Cement*  of  various  kinds  &re  used,  Uieir  effiden^  depending  generally  on 
ihe  amoonl  of  rentable  fibre  Gontained  in  tbem.  l^ese  have  not  so  high  an 
efficiency  as  the  foregoing. 

/VmmJ  Meal,  or  infusorial  earth,  is  a  oomposition  containina  large 
quantities  of  minute  Bbells,  and  forma  a  moat  efGcient  covering ;  besides 
being  inexpensive,  it  is  also  incombustible  and  durable,  and  comparatiTely 
light 

I'apier  Machi  is  employed  for  this  purpose,  and  is  a  foirly  sood  material, 
but  it  is  not  altogether  incombustible  and  la  apt  to  rot,  besides  ming  heavy. 

The  last  three  materials  must  be  put  on  when  the  boiler  is  hot,  and  be 
carefully  done ;  this  does  not  militate  in  their  favour,  as  it  is  an  objectionable 
tiling  to  have  st«am  on  tlie  boilers  when  the  ship  ia  being  finished. 

The  silicat«  cotton  and  asbestos  fibre  may  oe  covered  with  aheet  iron. 
The  cements  are  generally  tarred  over  so  as  to  be  waterproof,  and  the  parts 
exposed  to  wear  covered  with  sheet  iron  or  lead. 

No  wood  should  be  used  for  clothing  when  it  is  possible  to  avoid  it,  as  it 
so  soon  rots,  and  is  at  all  times  liable  to  take  fire. 

Cameron's  Patent  Lagging  ia  an  ingenious  arrangement  of  wrought-iron 
framework,  ttrappgd  to  the  boiler,  so  as  to  form  a  series  of  segments,  which 
may  be  filled  with  any  non-conducting  substance,  and  is  covered  in  with 
squares  of  oorrugatod  sheet  iron,  secured  in  such  a  way  as  to  be  easily  and 
quickly  removed  for  examination  or  repair.  Thia  is  uie  most  perfect  plan, 
as  it  avoids  all  piercing  of  the  boiler  shell  with  atuds  and  the  use  of 
combustible  materials,  and  wliile  capable  of  being  well  secured,  it  is  auch  as 
to  be  wholly  removed  and  replaced  in  a  very  short  time. 

A  much  tiucker  coating  of  lagging  is  necessary  with  the  high  tempera- 
tures now  common,  and  no  bofler,  pipe,  or  cylinder  can  be  considered 
properly  clothed  if  tiie  temperature  at  the  surface  is  more  than  30°  F.  above 
that  of  the  atmosphere  surrounding  it  The  bottoms  of  boilers  should  be  as 
well  covered  as  the  tops  ;  in  fact,  no  heat  should  be  allowed  to  escape  to  the 
air  from  any  part  of  uie  boiler  that  can  be  kept  in.  Even  the  uptakes  and 
smoke  boxes  may,  with  advuitage,  be  coated. 


CHAPTEE    XXII. 

FlinSO   IH   OS  UACHINBRT,  8TARTtN(l  AND   RBVKBSIITO  OF   EMGINES,  ETC 

Fitting  Hochisery  Into  the  Bhlp. — As  soon  oa  the  building  of  the  ship  ia 
sufficiently  advanced  to  allow  the  engineers  to  commence  their  work,  a  line 
should  be  stretched  in  t^e  place  intended  for  the  axis  of  the  shafting,  and 
from  it  reference  tines  must  be  scored  on  Uie  bulkheads,  stemposts,  and 
other  convenient  places  for  future  guidance,  and  to  enable  the  shipbuildera 
to  set  the  engine  seating  and  tunnel  pedestals  with  some  degree  of  accuracy. 
For  this  purpose  piano  wire  answers  best,  as  it  can  be  drawn  exceedingly 
tight  without  breaking,  and  the  amount  of  "  sag  "  is  very  slight,  and  does 
not  vary.    When  wire  20  L.B.G.  ia  used,  and  the  tension  on  it  is  aa  mudt 
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M  it  will  bear  witli  a»i«ty  (ftbout  200  lbs.  ia  sufficient),  Hm  "saff"  will  not 
exceed  OlS  inch  per  100  feet  At  the  atempoat  and  bulkhead  holea,  (»»a 
pieoes  of  wood  should  be  fixed  and  the  centre  transferred  to  Uiem ;  wiiit 
these  centre*  citvles  should  be  "scribed"  in  and  marked  vitli  a  oenfav  punch, 
when  ttiey  serve  as  guides  in  boring  out  for  tJie  stem  tnbe.  It  ia  aometiinra 
foond  adTanteeeons  to  verifv  Uie  oentre  line  markings  by  the  system  called 
"sighting";  this  is  done  oy  placing  battens  horizontally  at  conveiiiMit 
places,  whose  apper  edges  touch  tlie  centre  line  of  shafting,  and,  when 
viewed,  should  sll  ooindde  if  t^ey  are  exactly  in  Una  A  ainular  system  of 
battens  should  then  be  placed  vertically  with  the  same  result,  if  the  line  is 
straight.  This  plan,  howerer,  ia  a  somewhat  tedious  one,  and  by  no  means 
reliable  in  most  instances  owing  to  the  deoeptiTe  nature  of  the  light  in  the 
hold  of  a  ship. 

Boring  ta«  Sten^it.  —  A  boring  bar  with  tool  head,  Ac,  is  fixed 
accurately  in  position  by  means  of  the  reference  circles  before-mentioned, 
and  the  atempost,  which  hse  been  roughly  bored  to  within  about  5  per  cent, 
of  the  finished  siie  before  being  fixed  in  place,  ia  bored  out  to  the  exact  mxo 
required  ;  (he  bulkhead,  with  its  liner,  is  also  bored  out,  and  also  any  other 
port  into  which  the  stern  tube  is  required  to  fit  aconrately.  The  Unifihing 
cut  through  the  stempoat  should  be  commenced  Jrom  the  intido,  as  the 
wearing  sway  of  the  cutting  edge  of  the  tool  causes  the  hole  to  be  sligbUy 
tifter,  and  thia  allows  the  tube  to  be  made  a  very  tight  fit  in  it. 

Engin*  SeatlngB. — ^The  superstructure  raised  on  the  ship's  frames  to  carry 
the  engines  is  oaUed  by  various  names,  such  aa  en^na  bed,  engine  »aaHngt, 
engine  Joundalion,  engine  bearert,  &c,  and  is  one  requiring  some  skill  to 
design  and  care  to  manufacture  properly.  Aa  the  success  and  efficient 
working  of  an  engine  very  materially  depend  on  this  atmoture,  too  much 
care  cannot  be  devoted  to  its  construction.  The  weight  of  a  marine  engine 
is  considerable  and  oonoentrated  on  a  comparatively  small  ares  ;  in  s  seaway 
the  inertis  causes  very  severe  stresses  on  the  seating  and  on  the  bolts  con- 
necting the  engine  to  it ;  and,  in  some  cases,  the  strain  of  the  engine  itself 
when  at  work  ia  borne  largely  by  the  bed  on  which  it  reata,  owing  to  the 
want  of  rigidity  in  the  bedplate. 

The  ship  cannot  always  be  viewed  as  a  rigid  structure,  for  elasticity  is 
observable  in  all  ships,  especially  when  unloaded,  and  is  very  marked  in 
those  built  for  shallow  water  navigation  of  considerable  length.  For  this 
reason,  the  engine  seating  must  be  so  designed  ss  to  add  materially  to  the 
stiffness  of  the  ship's  structure,  and  be  of  sufficient  strength  to  taanamit 
any  stresses  caused  by  the  weight  of  the  engines  to  the  main  framework  of 
the  ship.  To  thia  ena,  the  vertical  portions  of  the  engine  aeatdng  ahould  be 
worked  in  or  be  in  one  with  the  fioor  plst«a  and  keelsons,  and  the  longi- 
tudinals should  extend  beyond  the  immeaiate  vicinity  of  the  engine  bed,  so 
as  to  distribute  the  strain  over  a  longer  portion  of  the  ship,  and  not  localise 
it  on  a  few  frames.  The  longitudinal  strength  thus  added  to  the  ship's 
bottom  should  not  end  abruptly  at  the  bulkhead,  as  ia  commonly  the  practice, 
but  be  continued  beyond  it  and  decreased  gradually.  The  effect  of  stopping 
the  engine  seating  at  the  oft  bulkhead  of  the  engine-room,  ia  to  cause  a 
sudden  change  of  Sexure  in  the  ship's  bottom  at  that  point,  when  the  ship  is 
steamine  in  a  heavy  sea;  thia  change  of  flexure  produces  abnormal  stresses 
on  the  ahafting,  especially  on  the  after  part  of  the  crank-abaft;  the  after  bear- 
ing of  crank-shafts  shows  this  by  its  tendency  to  heat,  and,  in  extreme  casea, 
the  shaft  is  broken  at  the  crank-arm,  or  at  its  junction  with  the  craok-ann. 
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When  the  cruik  shaft  is  connected  to  the  thrust  shaft  by  drivers,  the 
working  of  the  ship  is  proved  by  the  sqae^ing  sound  emitted  by  them  when 
not  oiled. 

The  scantlings  of  the  engine  seating  should  never  be  less  than  those  of 
the  ship's  bottom  to  which  it  is  fixed,  and  when  the  seating  is  high,  they 
should  ne  in  excess  of  the  ship's  scantlings.  The  angle-irons  should  be 
carefullv  fitted,  and  the  rivetiDg  more  thajn  nsually  good ;  the  rivet  holes 
should  be  fair  and  well  filled  wiUi  the  rivet ;  and  if  t£e  holes  are  not  fair, 
simply  drifting  tbem  out  to  allow  the  rivet  to  pass  through  is  not  sufficient; 
tikese  remarks  particolarly  apply  to  the  connection  of  the  top  plate  with 
the  verticals.  The  top  plate  should  be  at  least  60  per  cent,  thicker  than  the 
vertical  plates,  and  well  bedded  in  place.  Fifty  per  cent  of  the  rivet  holes 
should  be  drilled  throagh  and  through,  and  t^e  remainder  rimered  fair  and 
bue  to  ensora  a  thorongh  trustworthy  foundation  for  a  modem  engine. 

It  is  the  practice  with  some  engineers  to  hold'  the  engines  down  to  the 
ship  by  a  few  lai^  bolts  which  pass  below  the  seating,  and  connect  to  strong 
cross-liars  under  the  reverse  frames  of  the  ship ;  this  is,  however,  not  a  good 
practice,  as  the  strain  is  localised  to  an  unnecessary  degree,  and  each  bolts 
are  very  apt  to  corrode  rapidly  from  the  action  of  bilge-water,  and,  being 
unseen,  to  break  without  beang  discovered. 

The  engine  seatings  are  peculiarly  liable  to  decay  from  the  action  of 
bilge-water  and  its  gases  acting  on  uie  warm  metal ;  to  prevent  this  they 
shoold  be  carefully  protected  by  oement  where  practicable,  and  well 
painted  where  cement  cannot  he  got  to  stick ;  cement  is,  however,  better 
than  paint,  and  if  mixed  hot,  and  washed  on,  will  form  a  very  efficient 
covering. 

ThniBt  Block  Seating. — ^This  also,  from  its  importance  and  tiie  nature 
and  the  magnitude  of  the  strains  on  it,  must  be  carefully  constructed. 
There  should  be  three  vertical  plates,  extending  over,  at  least,  four  frames  in 
small  ships,  and  six  to  eight  frames  in  large  ones ;  the  centre  plate  should  he 
shove,  and  strongly  secured  to  the  keelson  by  angle-irons,  its  thickness 
should  be  60  per  cent,  more  than  that  of  the  floor  plates ;  the  side  plates 
should  be  25  per  cent  thicker  than  the  fioor  plates,  and  oonuected  to  the 
reverse  frames  ny  strong  angle-irons ;  all  three  verticals  should  be  caused  to 
abut  on  the  engine  seating  and  tied  te  it  The  top  plate  should  be  of  the 
same  thickness  as  that  of  the  engine  seating,  and  when  possible  in  line 
with  it  Stop  plates  shoold  be  riveted  to  Uie  top  plate  to  serve  for  the 
thrust  block  to  abut  on.  All  t^e  rivet  holes  in  this  top  plate  should  be 
drilled  quite  fair  with  the  holes  in  the  angle-irons  and  connections,  and  care 
should  be  taken  that  all  the  holes  in  the  thrust  seating  should  be  rimered 
fair  and  all  rivets  qtiite  fill  the  holes.  In  ships  of  very  large  power,  the  base 
of  the  thrust  block  seating  should  extend  over  more  frames,  and  the  vertical 
plates  should  be  worked  intercostal  with  the  floors,  so  as  to  form  a  direct  tie 
to  the  ship's  bottom  plating, 

PedeBuls  for  Tunnel  Shafting. — The  plummer  blocks  for  the  tunnel 
shafts  rest  on  tlie  tunnel  bottom  when  the  ^lafting  is  not  high,  but  when  the 
distance  is  too  great  for  this,  pedestals  are  boilt  of  plates,  whose  thickness  is 
about  the  same  as  that  of  the  floors,  connected  by  angle-iron,  so  as  to  form  a 
stiff  column ;  the  top  plate  shonld  be  60  per  centl.  thicker. 

Boiler  Seatinge  or  Bearers.— The  boiler,  with  its  fittings  and  mountings, 
together  with  the  water  it  contains,  requires  a  very  strong  support  and 
efficient  means  of  keeping  it  in  place  when  the  ship  is  rolling  or  [dtohing; 
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Wfaen  die  boilen  are  pikoed  athwftrtBhipa  (th»t  is,  their  axes  are  athwart- 
ship),  iite  bcftren  act  as  beams  to  distribute  tbeir  weight  over  a  large  nTimbra' 
of  tiiunes,  and  may  be  made  of  H  section,  so  that  tiie  lower  flange  is  rive4wd  to 
the  reverse  frames,  and  the  top  flange  carries  tiie  chocks,  wUch  are  wedge- 
shaped,  and  shaped  to  fit  nnder  the  boilers,  and  form  saddles  for  them  to  ait 
in.  Single-ended  boilers  should  have  two  such  saddles,  whose  breadth  of 
face  where  (he  boiler  rests  should  not  be  less  than  nine  inches  for  very  i»rgo 
boilers,  and  six  inches  for  small  ones.  Double-ended  boilers  of  moderate 
length  and  size  may  hare  three  such  saddles,  bnt  long  or  large  doable- 
ended  boilers  should  have  four  sets.  The  chocks  are  sometimes  made  of 
angle-iron  and  plates,  but  they  are  better  made  of  cast  iron  or  cast  steel ; 
when  of  the  latter  materials,  the  patterns  can  be  tried  in  place  after  the 
boilers  are  in  position,  and  made  in  such  a  way  that  the  chocks,  when  oast, 
will  fit  with  sufficient  socuraOT  as  to  require  no  packings ;  when  made  at 
wrought  iron,  much  espense  is  mcurred  in  trying  to  Inoke  them  fit,  and  is 
the  end  packing  is  often  necessitated. 

If  the  boilers  ore  placed  "  fore  and  aft,"  that  is,  with  tiieir  axes  longi- 
tudinally, the  bearers  are  generally  laid  on  the  top  of  individual  floors,  thus 
localising  the  weight  on  a  few  frames  only-  To  avoid  the  straining  action 
proving  dangerous,  the  longitudinals  of  Uie  ship  in  woke  of  the  boilerv 
should  be  increased,  and  extra  connections  made  between  them  and  those 
frames  carrying  the  bearers.  Sometimes  the  boilers  when  in  this  position 
have  been  carried  by  longitudinal  bearers  inclined  so  as  to  be  in  planes 
passing  through  the  axis  m  the  boiler.  Sooh  bearers  distribute  the  strain 
over  a  oonaidenble  number  of  frames,  but  do  not  so  well  support  the  boiler, 
and  moreover  prevent  access  to  the  boiler  bottom  for  examination  and  repair. 

Fitting  Haohiaery  on  Board  the  Bblp. — ^The  stem  tube  and  the  screw 
shaft  are  fitted  into  place,  and  all  sea-cocks  and  valves  fixed  to  the  skin  of 
the  ship  before  it  is  launched.  After  it  is  in  the  wator,  the  tunnel  shafting 
is  placed  in  position  piece  by  piece,  each  one  being  set  so  that  its  coupling 
comes  fair  and  true  with  that  of  the  preceding  one  ;  the  shaft  bearings  are 
raised  on  temporary  packings  until  the  whole  of  the  shafting  is  in  place  and 
coupled  up;  when  this  is  done,  the  shafting  should  be  tamed  around  so 
that  the  bearings,  if  not  placed  in  exact  position  at  first,  may  adjust  them- 
selves ;  the  beanngs  should  now  have  the  proper  packings  fitted  to  tiiem, 
and  when  bolted  down,  the  coupling  bolts  should  oe  withdrawn,  and  ea/A 
shaft  tried  around  to  see  that  there  in  no  want  of  correspondence  at  the 
couplings.  This  may  seem  a  somewhat  tedious  process,  but  it  is  a  very  safe 
one,  and  one  which  prevents  all  possibility  of  shafting  being  fitted  out  of 
line;  the  engineers  of  the  ship  should  occasionally  withdraw  the  bolts,  and 
prove  the  shafting  true,  especially  after  the  ship  has  had  cause  for  straining. 
Of  course,  the  accuracy  of  this  method  depen<&  on  the  care  with  which  the 
couplings  have  been  turned;  but,  as  modem  applianoes  are  capable  of 
turning  a  shaft  coupling  quite  true  with  very  ordinary  care,  there  is  little 
cause  for  fear  on  this  ground. 

The  engine  bed-plate,  or  foundation  plate,  with  the  cronk-shoft  in  place, 
is  now  lowered  on  board,  and  placed  on  temporary  packings  of  iron ;  it  is, 
by  means  of  jocks,  brought  to  its  exact  position,  and  proved  by  the  shaft 
couplings  as  before.  Permanent  packings  of  oatt  iron  are  now  carefully 
fitted  between  the  temporary  ones  and  the  latter  withdrawn,  and  their 
places  filled  with  hardwood  (teak,  greenheart,  elm,  mahogany,  iic.)  packings 
formed  of  pairs  of  wedge  pieces  driven  from  opposite  sides. 
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The  Holding-down  Bohs  should  be  carefully  fitted  so  aa  to  distribute  the 
load  over  the  bed,  and  means  provided  to  prevent  the  nuts  from  alackiog 
bock ;  the  Admiralty  require  oheck  nuta  to  be  fitted  to  all  holding-down 
bolts,  but  it  is  better  to  prevent  movement  of  the  nut  by  slightly  riveting 
the  bolt  end,  than  to  trust  to  ofaeok  nuts. 

Staying  Znglnei. — Yertic&l  engines,  especially  those  of  long  stroke,  are 
supposed  to  require  some  means  of  support  to  prevent  undue  straining  of 
the  columns  when  the  ship  is  rolling  heavily.  Snch  engines,  when  supported 
by  vertical  uirought-iroa  columns,  do  occasionally  show  signs  of  such  a  need; 
but  it  is  better  to  bear  this  oontingenoy  in  mind  when  designing  the 
columns,  and  make  them  sufficiently  strong  and  rigid  to  withstand  such 
strains,  than  to  trust  to  getting  support  from  the  eliutic  hull  of  the  ship. 
In  case  of  a  collision,  such  supports,  if  rigid,  miffht  be  a  positive  source  of 
danger,  as  the  force  of  the  blow  delivered  in  t£eir  neighbourhood  might 
seriously  damage  the  engines,  if  not  destroy  t^em  altogether. 

Such  support  aa  is  suffident  con  be  provided  by  splaying  out  tiie  f  rcmt 
columns,  as  shown  in  fig.  12,  and  making  them  of  strong  cost  iron  or  cast 
steel. 

Bamming  ChookB  and  Btc^. — The  Admiralty  require  all  vertical  engines 
to  be  fitted  with  non-rigid  stays  from  the  cylinders  to  some  part  of  the  ship 
in  such  a  way  as  to  keep  the  columns,  &c.,  from  being  damaged  or  strained 
when  nunming  the  enemy.  Boilers  also  must  have  stays  ana  chocks  to  keep 
them  from  being  jerked  ont  of  place  when  ramming. 

Boiler  Seats. — The  boilers  require  to  he  carefully  fitted  in  their  seats,  and 
secured  there  so  that  they  cannot  be  displaced  by  ^e  rolling  or  colliding  ot 
the  ship.  The  boiler  should  require  no  packings  when  the  chocks  are  of  cast 
iron ;  but  when  the  saddles  are  of  wrought  iron,  and  do  not  fit  the  boilei 
exactly,  it  is  better  to  interpose  iron  packings  at  intervals,  and  fill  in  the 
spaces  between  with  hardwood  wedge  piecee.  To  prevent  movement  longi- 
tudinally, "  toe  "  plates  should  be  riveted  to  the  fnunes  or  other  convenient 
part  of  tiie  ship's  structure,  and  these  should  be  stiffened  by  angle-irons. 
The  "toe"  plates  should  stand  about  6  inches  above  the  bottom  of  the  boiler, 
and  be  clear  of  the  man-holea  and  mountings.  The  boiler  is  held  in  i\a 
seatiiw  by  straps  surrounding  it,  and  secured  to  the  bearers  when  of  small 
size ;  but  the  general  practice  is  to  secure  it  by  tie-bars  from  its  upper  part 
to  the  side  of  the  ship,  or  by  struts  formed  of  plates  and  angles  from  the 
stringers,  bearers,  £c.  Each  particular  case  requires  special  treatment,  and 
it  is  impossible  to  lay  down  any  rule,  beyond  Uiat  of  providing  for  every 
contingency  to  which  a  ship  is  liable.  Tie-bars  &om  the  boiler  sides  to  the 
bearare  is  a  good  and  pe^ps  the  best  way  to  secure  them,  and  is  the 
Admiralty  practice. 

At  one  time  the  Admiralty  practice  was  to  lay  the  boiler  in  a  bed 
of  mastic  cement^  spread  on  a  cradle  formed  to  suit  the  boiler  bottom. 
This  was  very  necessary  for  the  box  form  of  boiler,  especially  in  wooden 
ships.  This  cement  also  practically  insulated  the  boiler,  a  practice  which 
may  he  followed  now  with  advantage  to  both  ship  and  boiler.  A  strip  of 
asbestos,  ^  to  J  inch  thick,  interposed  between  the  boiler  and  its  saddle,  is  a 
good  arrangement  for  preventing  thermo-electric  action  on  the  ship's  frames, 
tank  top,  &C.,  as  well  as  for  retaining  much  heat  in  the  boiler.  The  boiler 
bottom  in  iron  ships  should  be  well  above  the  bilges,  and  room  provided  for 
a  man  to  get  in  to  paint  or  repair ;  the  boiler  bottom  and  ship's  frame- 
work con  then,  and  should,  be  kept  well  punted.    The  boiler  bottom  should 
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ftlio  hftTfl  ft  good  ooftt  of  non-oondnction  mAterul  applied  to  it  in  sncli 
ft  mftnner  la  to  praTsnt  rftdiation,  MiJ  at  tiio  umo  tima  inch  ms  to  permit  of 
Ms;  romOTftl  uid  raplaccmeQt  for  ezaminAtion  and  r«pun  to  the  sh&ft. 

CoplMr  Kpat. — ^The  whole  of  the  pipes  subject  to  intenul  pleasure  ahonld 
be  of  ateel,  wrought  iron,  or  strong  copper ;  the  ezhftuat  idpea  may  be,  ozmI 
nan&ll;  tm  in  the  mercmntile  mftrine,  of  cut  iron.  The  AOminUty  require 
that  ul  pipas  (rf  ateel  or  copper  up  to  6  inches  diftmeter  ahftll  be  »olui  draMns. 
Wrougbb-iron  ftnd  ateel  pipes  are  now  reiy  genendly  empl^ed,  especially 
for  ]m^o  aizea  ftnd  high  pressure.  If  d  ateel  the  Bo«rd  of  'A«de  require  * 
butt  strap  to  be  riveted  over  the  weld. 

The  taickne.>i«  of  the  main  stetun  pipe  should  when  of  copper 

•.  0125  +  (diameter  of  bore  x  pressure  -»■  10,000). 
The  thickness  of  feed  pipes  when  of  copper 

•  0-126  +  (diameter  of  bore  x  pressure  -f-  8000). 
The  thickness  of  blow-off  ftad  scum  pipes 

=-  0125  +  {diftmeter  ot  bore  x  pressure  +  9000). 

When  made  of  steel  or  iron  welded  the  thickness  should  be  20  per  cent, 
more  than  given  by  the  above. 

The  thickDess  of  copper  or  brass  main  inlet  pipes 

-  0-1  +  (diftmeter  ■*■  300). 

The  thickness  of  oopper  or  brass  main  discbarge  pipes  from  redprooatiDg 

pump  ~  01  +  (diameter  +  200). 

If  for  a  oentrifngftl  pump  t^e  discharge  may  be  of  the  same  thickness  as 
the  inlet  pipes. 

The  thickness  of  oopper  feed  suction  pipes  and  bilg&discharge  pipes 

-  0-09  +  (diameter  +  200). 
The  thickness  of  oopper  waste  steam  pipes 

=  0-05  +  (diameter  +  BOO). 
The  flanges  for  copper  or  brass  pipes  should  always  be  of  tough  brass, 
and  of  a  thi<^Qess  equal  to  i  times  that  of  the  pipe ;  the  breadiii  of  flange 
should  be  2^ times  the  diamet«r  of  the  bolts  used.  For  pipes  exposed  to  a 
pressure  of  30  lbs.  (uid  upwards,  the  piteh  of  the  bolts  should  not  exceed  6 
times  their  diameter,  or  6  times  the  thioknesa  of  flange ;  their  diameter  is 
usually  about  the  same  as  the  thickness  of  flange.  For  pipes  not  snbjeet  to 
a  pressure  of  more  than  30  lbs.,  tiie  bolts  may  be  6  diameters  apart,  or  even 
a  little  more  in  some  cases.  All  pipe  flanges  should  be  machined  "tme," 
especially  those  of  the  feed  and  steam  pipes.  These  should  fit  faoe  to  bee 
withoutforcing,  and  be  jointed  with  aa  tittle  putty  or  paint  aa  possible.  Brass 
flanges  on  the  copper  pipes  may  with  advantage  have  grooves  into  which  is 
fitted  a  ring  of  copper  wire  soft  enough  to  easily  conform  to  the  grooves 
when  pressed  by  the  bolts.  This  can  al«>  be  done  with  iron  flanges,  but  tJie 
Admi^^  complain  that  severe  corrosion  has  taken  place  with  them  so 
done,  dormgated  rings  of  soft  copper  or  brass  have  also  proved  good 
joiutors  whea  fitted  inside  the  line  of  bolt  holes.     The  Admiralty  require 
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the  whole  range  of  piping  to  be  tested  by  water  aod  then  by  steun.  ^la 
jointing  thai  does  beet  for  water  is  not  generallv  bo  good  for  resisting  steam 
and  heat.  The  bolting  ^oold  be  dose,  rather  tL&n  wider  apart  wit£  larger 
bolts. 

Starting  and  BeTenlng  En^es.~~It  is  most  important  that  an  engine 
shall  be  capable  of  having  its  motion  instantlj  reversed  ;  in  fact,  no  engine 
is  satisfautor^  which  cannot  be  stopped  and  made  to  move  fiill  speed  astern 
in  less  than  30  seconds  from  the  tiaie  of  the  engineer  commencing  the 
evolution.  This  can  scarcely  be  done  by  the  hand-gear  with  even  com- 
paratively small  engines,  and  is  beyond  possibility  with  large  ones.  It  is 
essential,  therefore,  to  Movide  mechanical  means  for  this  purpose  in  all 
engines  of  over  100  N.H.P.,  if  such  efficiency  is  required ;  and  it  should 
be  of  such  power  as  to  perform  the  operation  without  shutting  off 
steam.  The  simplest  method  is  to  fit  a  steam  cylinder  with  rods,  &c., 
to  a  lever  on  the  weigh  shaft  in  addition  to  the  ordinary  hand-gear,  the 
piston  pushing  and  pulling  as  required  to  help  the  engineer.  There  is, 
however,  the  objection  to  this,  that  the  cylinder  is  then  somewhat  large, 
and  at  times  the  steam-power  masters  the  hand-power,  and  overruns  its 
limit,  thereby  tending  to  cause  damage.  This  latter  objection,  however, 
is  easily  got  over  in  many  ways,  the  best  of  which  is  by  adding  a  second 
small  cylinder  containing  water  or  oil,  which  is  forced  by  its  piston  from 
one  end  to  the  other,  and  thereby  acts  as  a  brake  to  the  gear. 

Brown's  Patent  Keverslng  Qeor. — This  idea  of  the  brake  cylinder  has 
been  worked  out,  and  perfected  by  Messrs.  Brown  of  Leith,  who  make  a 
gear  which,  by  the  movement  of  a  small  lever  easily  moved  by  one  hand, 
operates  on  the  valve  motion  instantly,  and  only  to  the  exact  extent 
intended  by  the  operator,  so  that  if  the  engineer  moves  the  lever  through 
one-quarter  of  its  angular  movement,  the  link-motion  is  moved  by  the  gear 
through  exactly  one-quarter  of  its  traverse.  This  is  eSbcted  by  means  of  a 
system  of  levers,  so  arranged  that  the  gear,  by  moving,  replaces  the  valves 
in  the  exact  position  from  wbich  they  were  displaced  by  the  hand-lever. 
Messrs.  Brown  have  also  devised  an  arrangement  whereby  the  hunting 
and  compensating  levers  with  their  rods  are  on  the  engine  and  so  the. 
apparatus  is  self-contained.  Figs.  188,  186a,  and  188i,  show  the  methods 
adopted  by  the  firm  to  make  the  gear  automatic. 

Steam  Gear  for  Bereralng. — The  simplest  and  most  eOicient  of  the  steam 
gears,  and  one  whose  cost  is  so  small  that  it  may  be  fitted  to  the  cheapest 
of  engines,  consists  of  a  small  engine,  on  whose  crank-shaft  is  a  worm,  which 
works  in  a  worm-wheel  capable  of  turning  freely  on  a  fixed  gudgeon  on  the 
engine  frame  or  other  convenient  place;  on  this  worm-wheel  is  a  stud  or 
crank-pin,  to  which  is  fitted  a  rod  connecting  it  to  a  lever  on  the  weigh- 
shaft ;  the  eccentricity  of  the  crank-pin  is  equal  to  half  the  chord  of  the  are 
through  which  the  lever  end  works.  The  engine  being  set  in  motion,  the 
worm-wheel  is  caused  to  revolve,  and  the  motion  of  the  crank-pin  causes 
the  weigh-shaft  to  oscillate,  and  bo  to  reverse  the  links.  The  steam-cylinder 
is  sometimes  fitted  with  reversing  gear,  but  it  is  quite  unnecessary,  and  is 
really  better  without  it,  as  the  little  engine  moves  so  fast  that  prsctically 
no  time  Is  lost  in  making  a  complete  revolution  of  the  worm-wheel. 

The  advant^e  of  this  gear  over  others,  besides  its  cheapness,  is  ita 
simplicity,  safety,  and  capability  of  being  used  to  turn  the  engines  when  in 
port,  or  to  work  a  winch  for  lifting  weights  when  overhauling  the  engines ; 
the  hand-wheel  is  also  in  this  case  on  the  little  engine  shaft,  and  acts  as  a 
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fljwhwl.  The  Admiralty  engines  have  &  similar  starting-gear,  but  fitted 
with  two  cylinders  whose  cranks  are  at  right  angles;  the  starting  luuid- 
wbeel  is  only  oonnected  to  the  crank-shaft  or  gear  when  required  to  be 
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oecewary  in  the  mercantile  marine  {fig.  12). 
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SECTION  or  I 

Fig.  ISO. — Bncine  SUm  and  BeguUting        Fig.  190a. — Eouilibritini  Stop  uid  Reguli 
y&lTe  (lor  BmaU  enginea).  tJDg  Valve  (Bevie  ft  Gibson's  Patent). 


Fig.  190.— BalMioed  Stop  and  ReguUting  Valve  (tor  Iwgo  ongCiAifllOOg  IC 
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B^oUting  knd  Stop  Valvei. — A>  it  if  neoessv)'  that  «  marina  engine 
may  ran  at  any  nnmber  of  revolntiona  from  full  speed  to  dead  slow,  means 
mnst  be  provided  for  doing  this  efficiently,  especially  for  war  ships  wbooe 
speed  mast  be  regalated  to  a  nicely.  In  the  old  days  speed  was  decreiised 
by  means  of  a  throttle  valve,  or  by  "  notching "  np  the  link  motioa.  The 
Utter  method  is  still  adopted  with  advantage,  bnt  it  is  not  sufGdent  'when 
vrry  low  speeds  or  minute  changes  in  speed  are  necessary.  The  old 
Batterfly  throttle  valve  is  now  so  disnsed,  except  for  governing  parpoaea, 
and  against  the  high  pressures  now  obtaining  it  is  never  tight  eoongh  for 
prsotieal  pnrpoees. 

Kg.  189  shows  a  form  of  stop  regalating  valve  which  has  been  used 
•nooeasfally  in  the  mercantile  marine  for  many  years.  The  little  valve  on 
the  spindle  is  easily  opened,  and  is  safficiently  lai^e  to  sapply  the  necessary 
steam  for  manaavring  pnrpoees  if  it  is  about  one-third  the  diameter  of  tbe 
main  valve.  Large  valves  of  this  kind  offer  considerable  resistance  to 
opening,  notwithstanding  having  a  pass  valve,  and  there  are  other  objec- 
tions, so  that  many  engineers  prefer  to  have  some  form  of  balance  atop 
valve,  such  as  is  shown  in  Fig.  190,  with  an  independent  mantenvring  valve 
on  the  side. 

Fig.  190a  is  a  form  of  equilibrinm  stop  valve,  self-adjusting,  so  thnt  it 
keeps  tight  ander  difiering  pressures  and  temperatures. 

The  regulating  valves,  when  properly  balanced,  can  be  worked  b;  a 
lever,  such  as  was  used  in  the  throttle  valve,  or  with  a  wheel  at  the 
starting  platform  in  the  ordinary  way.  Very  large  valves,  however,  are 
too  cumbersome  to  be  easily  and  quickly  worked  by  hand,  and  may,  there- 
fore, have  an  apparatus  something  like  the  Brown  steam  starting  gear 
attached  to  them,  and  operated  by  a  small  lever  at  the  starting  platform. 

Steam  Tarniog  Qear. — Another  labour-saving  appliance  now  universal 
in  the  Navy  and  mercantile  marine,  is  steam  gear  for  turning  the  engines 
when  in  port.  In  all  bnt  small  ships  a  separate  engine  is  provided  for  the 
purpose,  but  in  small  ships  the  donkey  pump  engine,  or  the  reversing 
engine,  when  there  is  one,  is  employed  by  using  belt  or  rope  gear.  The 
usual  plan  ia  to  fit  a  second  worm-wheel  to  the  worm-shaft,  and  to  turn  it 
by  a  worm  on  the  shaft  of  the  special  engine,  or  on  a  shaft  with  a  pulley  to 
be  worked  by  an  auxiliary  engine. 

Stoun  Ash  HoistB. — AU  large  ships  require  some  mechanical  means  of 
disposing  of  the  ashes,  clinker,  &c. ;  the  simplest  form  of  hoist  is  only  a 
small  winch  worked  by  a  steam  engine  without  wheel-gearing  ;  the  barrel  is 
of  small  diameter,  and  the  fiy  wheel  is  heavy,  and  kept  running  at  a  constant 
speed,  the  bucket  of  ashes  being  "  whipped  "  up  in  the  same  way  that  light 
cargo  is  got  out  of  the  holds  with  a  steam  winch.  This  gear  has  the  merit 
of  cheapness  and  simplicity,  it  can  be  worked  by  the  most  ignorant,  and 
does  not  easily  get  out  of  order. 

Asb  Hoist  (See'B),  fig.  191,  is  an  ingenious  arrangement  whereby  the 
ashes  are  driven  to  the  top  of  the  tube,  tilted  over,  and  shot  through  the 
ship's  side.  With  this  gesr,  the  fireman  is  not  required  to  leave  the  stoke- 
hole, and  no  labour  is  required  beyond  that  of  shovelling  the  aahes  into  the 
hopper.  Fig.  191  shows  the  arrangement  to  consist  of  a  hopper  having  a 
hinged  water-tight  cover;  at  its  bottom  is  a  special  form  of  nossle,  which 
disdiarges  water  up  the  delivery  pipe  from  a  special  duplex  pump,  when 
the  pressure  hns  been  got  np  in  it  to  200  lbs.  As  soon  as  the  gauge  shows 
the  pressure,  the  cock  is  quickly  opened  and  a  rush  of  water  up  the  pipe 
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takei  place,  cariying  with  it  the  ashes  in  the  hopper;  the  preunre  drops  to 
190  Ibe.,  bnt  the  stream  still  flows  through  the  pipe  carrying  air  and  aahei 
with  it  as  fast  as  the  latter  are  shovelled  into  the  hopper.  When  the  whole 
are  disposed  o^  the  cock  ia  closed  quidUj/  to  prevent  back  wash;  the  hopper 
is  olosed,  as  is  also  the  discharge  valve  on  the  ship's  aide.  This  apparatus 
ia  a  great  oonvenieaoe  and  oomfbrt,  especially  in  bad  weather,  and  saves  a 


Fig.  IBl.— Ash  E^jeotor. 

huge  amount  of  anpleasant  labour ;  it  also  prevents  the  need  of  the  grimy 
and  unwashed  denizens  of  the  stokehole  showing  themselves  on  the  decks 
of  yachts  or  passenger  vessels. 

GoTSniOTB, — To  prevent  the  engines  from  racing  when  the  sea  is  rough, 
it  was  usual  to  fit  an  instrument  which  should  control  the  throttle' valve 
and  work  automatically.     The  governor,  as  fitted  to  land  engines,  is  not 
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ttdmisaible  od  boud  ship,  owing  to  its  satceptibility  to  derangement  from 
the  motion  of  the  ship. 

There  u«  two  distinct  cImom  of  marine  goremor — vis.,  those  v^booe 
ttotion  ii  inflaenoed  b^  th«  Tkiistioa  of  motion  of  the  engine  iteoli^  mnA 
those  whose  action  in  caused  by  the  rariation  of  preuore  at  the  stem,  dae 
to  variation  of  bead  of  water.  The  former  olau  can  only  *ct  a/ier  & 
variation  of  speed  baa  taken  plaoe,  the  latter  uitioipates  and  checks  such 
variationa.  At  fint  sight  the  Utter  present  the  moat  faTOnrable  qnaJitiea, 
inasmuch  as  the;  ortficipate  change  of  Telocity,  but  thej  serve  only  one 
purpose,  that  of  checking  racing  of  the  engine  due  to  the  propeUar  emerging 
bom  the  water.  The  other  governors  an  necessarily  a  little  late  in  action, 
but  they  mfty  be  made  so  sensitive  as  te  be  almost  as  quick  as  the  others ; 
they  have,  however,  one  superior  merit,  and  that  is,  they  check  racing  from 
any  and  every  cause.  If  a  propeller  or  shaft  break,  the  p&eomatic  or 
hydrostatic  governor  bils  to  check  the  engine;  the  other  governors  ^rill 
check  any  large  increase  in  velocity  and  give  the  engineer  time  to  shnt 
off  steam. 

Both  classes  of  governor  are  susceptible  of  subdivision,  and  may  be 
distiaguisbed  as  those  which  aet  direct  on  the  throttle-valve,  and  tJioee 
wbiob  act  on  the  valve  of  a  steam  cylinder  whose  piston  operates  on  the 
throttle- valve. 

SUrer'B  QoTemor. — The  principle  of  this  eovemor  is  to  obUun  a  motion 
for  its  gear,  which  operates  on  the  throttle-vsJve,  by  means  of  the  variation 
in  the  velocity  of  a  heavy  flywheel  and  its  shaft,  which  latter  is  driven  by  the 
engine,  and  on  which  it  may  revolve  loosely ;  the  wheel  is  capable  of  only 
small  angular  movement  with  respect  to  its  shaA,  and  is  set  in  motion  by 
the  "  stops  "  acting  on  it ;  its  motion  is  kept  sensibly  uniform  by  its  inertia, 
and  by  vanes  attached  to  it  acting  on  the  air.  The  motion  of  the  gearinfr 
operating  on  the  throttle- valve  is  obtained  by  a  bevel  pinion  on  (A«  vAael, 
acting  on  two  bevel  quadrants  working  on  gudgeons  on  the  tAc^;  so  long 
as  the  shaft  and  wheel  work  at  the  same  speed  there  is  no  motion  of  the 
quadrants  ;  when  there  is  a  change  of  velocity  the  quadrants  turn  on  their 
axes,  and  the  throttle- valve  is  moved. 

Heritou'8  Oovemor. — This  works  on  the  same  principle  as  Silver's,  but 
has  different  gearing  to  obtain  the  longitudinal  movement  of  the  part  which 
actuates  the  throttle- valve.  Here  the  heavy  wheel  has  oast  with  it  parte  of 
ttvo  helices,  which  fit  two  corresponding  parts  on  a  coupling ;  it  is  drawn 
round  with,  and  free  to  slide  on,  the  governor  shaft ;  the  wheel  and 
coupling  are  pressed  together  by  a  coach  spring. 

There  are  some  other  governors  which  have  been  used  for  marine 
purposes,  but  as  they  are  now  entirely  superseded  by  steam  governors,  it  is 
unnecessary  to  particularise  them. 

Donlop'B  Governor. — This  instrument  consists  of  a  vertical  cylinder 
placed  close  to  the  stern  of  the  ship,  and  as  low  down  below  the  water  line 
as  convenient;  there  is  a  communication  between  the  sea  and  the  bottom  of 
this  cylinder  by  a  cock  or  valre  of  ample  size,  fitted  to  the  skin  of  the  ship. 
When  the  stern  of  the  ship  is  lifted  out  of  the  water,  the  cylinder  is  emptied 
of  water,  and  the  pressure  in  it  is  that  of  the  atmosphere ;  on  the  stent 
dipping  deep  into  the  water  again,  the  water  rushes  into  the  cylinder  and 
compresses  the  air  in  it  till  there  is  a  pressure  due  to  the  "  head  "  of  water, 
which  may  amount  to  as  much  as  12  lbs.  per  square  inch  in  large  shipB,  and 
S  lbs,  even  in  small  ones.    The  top  of  the  i^linder  communicates  by  means 
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of  •  pipe  with  «  veuel  in  the  engine-room,  which  ia  closed  ur-tight  »t  its 
top  by  ft  thin  corrugated  cironlar  iii«phniam.  The  bottom  of  this  Teasel  Ib 
bell-ih&ped,  ao  tb»t  at  ita  top  it  ia  of  considerable  diameter,  »nd  the 
diaphragm  capable  of  exerting  considenble  force  when  even  so  amatl  m 
preaaurs  u  1  lb.  per  aqaare  inch  ia  tranimitted  from  the  cylinder.  The 
gear  for  operating  on  the  throttle-valve  ia  connected  to  the  middle  of  the 
aiaphragm,  and  any  bulging  of  it  by  the  preaaare  canaea  the  throttle- val re 
to  be  opened,  and  when  the  water  cylinder  ia  emptied  by  the  rising  of  the 
ship's  stem  relatively  to  the  sea,  the  diaphragm  assames  its  normal  position, 
and  the  throttle-valve  ia  closed. 

Smith   and   Flnkney's   Qovemor  differs  from  both  classes  mentioned, 
inaamach  aa  it  ia  neither  actuated  hy  the  motion  of  the  engine  nor  by  the 


Fig.  192.— Combination  Governor  {Murdoch's  Patmty. 

pressure  of  the  water.  It  consists  of  a  heavy  pendnlam  set  so  as  to  oscillate 
in  a  fore  and  aft  vertical  plane;  it  will  consequently  have  relative  motion 
when  the  ship  pitches  ;  the  pendulum  is  connected  to  the  valve  of  a  small 
cylinder,  whose  exhaoat  oommunicatea  with  the  condenser,  and  whose 
valve-&ox  M  open  to  the  air  (with  the  mistaken  notion  that  "  vacuum  costa 
nothing");  the  piston  of  thia  small  cylinder  is  connected  to  the  throttle- 
valve,  and  ia  aufficiently  large  to  eaaily  control  it  even  when  the  spindle- 
gland  ia  packed  tightly. 

The  objection  to  thia  kind  of  governor,  in  addition  to  the  one  urged 
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ftgunat  all  governor*  not  Mtnated  by  the  engine  shaft,  is  thftt^  with  m 
"following"  tea,  the  ship  may  be  depretwed  at  the  hows  and  have  tJie 
pro)>eller  fnllj  immened  ;  in  a  short  "  choppy "  sea,  the  propeller  m&j  be 
bare,  and  the  ahip  not  "  down  by  the  bow "  at  all,  so  that  the  governor 
woald  not  check  the  engine  from  "  racing." 

In  practice,  however,  it  is  very  quick  in  operation,  and  under  the 
ordinary  circumstanoee  of  a  "  head  "  sea  answered  the  purpose  of  preTenting 
racing  admirably.  It  is  arranged  as  a  pttetuitaiie  governor,  but  it  would  be 
better  if  steam  were  ased  instead  of  air ;  there  is  no  saving  in  using  the 
latter,  and  it  is  found  in  practice  to  aeriously  interfere  with  the  vacnam 
when  the  ahip  is  exposed  to  a  "head"  tea,  and  tends  to  charge  the  feed- 
water  «i^  air  to  the  detriment  of  the  boiler  ptatet,  &«. 

Steam  Qorenioni. — The  chief  cause  of  Tailnre  of  the  first  marine  governors 
was  their  inability  to  move  the  throttle- valve  promptly  when  the  spiodle- 
fttand  was  tiglitly  packed;  it  was  also  difficult  to  set  them  so  as  to  act 
efficiently  when  they  would  move  at  all.  The  difficulty  was  got  over  by 
limiting  the  function  of  the  governor  to  move  the  slide-valve  of  a  small 
steam  cylinder  whose  piston  performs  the  operation  of  opening  and  shutting 
the  throttle-valve.  The  governor  is  of  ample  power  to  move  the  small 
slide-valve  with  precision,  and  the  steam  cylinder  can  always  be  made  of 
sufficient  site  to  work  the  throttle-valve  however  tightly  its  gland  is  packed. 
For  the  purpose  of  working  the  small  slide- valve,  a  Silver's  or  a  Heriton'a 
governor  may  be  employed,  and  many  of  the  old  governors  of  this  kind 
wero  converted  to  steam  ones  by  the  addition  of  this  steam  cylinder. 

Oorhun'B  and  Chonhill's  Tuometer.— The  motion  of  the  engine  is  com* 
raunicated  to  this  governor  by  a  small  rope  of  wire  or  Manilla  on  the  usual 
pulleys ;  it  is  transmitted  from  the  pulley-shaft  to  the  shaft  of  a  paddle- 
wheel  enclosed  in  a  cylindrical  trough,  by  means  of  a  bevel-wheel,  whose 
axle  is  free  to  move  about  the  axis  of  the  shafts  in  a  plane  perpendicular  to 
it,  and  which  gears  into  a  similar  bevel-wheel  on  the  end  of  each  shaft. 
(This  is  similar  to  the  arrangement  provided  in  traction  engine  to  admit 
of  their  going  around  a  curve.) 

The  trough  is  filled  with  water  or  oil,  which  is  carried  around  with  the 
paddle-wheel,  and  causes  it  to  resist  any  sudden  changes  of  motion.  The 
axle  of  the  intermediate  bevel-wbeel  >■  connected  to  the  small  valve  of  the 
steam  cylinder  whose  piston  operates  on  the  throttle-valve.  If  the  engine 
races  so  that  the  hevel-wheel  on  the  pulley-shaft  moves  faster  than  that  on 
the  paddle-wheel  axle,  it  will  carry  the  intermediate  pinion  along  with  it, 
until  the  motion  of  the  paddle-wheel  is  accelerated  by  it,  and  the  pinion 
axle  acting  on  the  small  slide-valve  causes  the  throttle-valve  to  he  closed. 
The  paddle-wheel  is  now  moving  at  a  higher  rate  than  its  normal  speed,  so 
that  when  the  engine  has  slowed  down  to  its  normal  speed,  the  bevel-wbeel 
axle  is  moved  in  the  opposite  direction,  so  as  to  cause  the  throttle- valve  to 
be  opened,  and  the  engine  is  thus  prevented  from  farther  "  slowing  down." 

This  governor,  when  care^lly  adjusted,  is  most  sensitive,  and  will 
prevent  any  dangerous  racing  under  the  most  trying  cirou instances, 

Contt'B  and  AdamBOn'a  QoTernor. — This  is  an  extension  of  Dunlop's 
principle,  and  differs  from  it  by  the  diaphragm  being  caused  to  move  Uie 
slide-valve  of  a  small  steam  cylinder  whose  piston  operates  on  the  throttle- 
valve.  This  has  the  advantages  and  disadvantages  of  Dnnlop's  governor, 
except  that  the  work  of  moving  the  throttle-valve  is  done  by  steam. 

WestioghonBe  GOTeraor. — A  sensitive  ball  govomor,  of  very  small  size, 
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is  made  to  operate  on  a  valve  which,  in  opening,  allows  the  steam  on  one 
side  of  the  piston  of  a  steam  cylinder  to  escape  to  the  oondeusar,  that  on 
the  other  side  forcing  the  piston  to  move  quicklj  and  shut  the  throttle^ 
valve ;  the  valve  closes  again  aa  soon  as  the  steam  has  escaped,  and  the 
steam  flowing  into  the  cylinder  allows  the  piston  to  go  back  to  its  original 
position. 

The  piston  here  spoken  of  ii  connected  to  a  smaller  piston  in  another 
cylinder,  whose  function  is  to  bring  it  back  to  its  initial  position. 

This  governor  is  very  sensitive  tokd  acts  very  well,  but  b  liable,  from 
want  of  attention,  to  get  out  of  order,  and  then  fail  to  act  at  all. 

With  the  advent  of  triple  engines  and  twin  screws  the  absolute  necessity 
for  a  governor  disappeared ;  and  to-day,  although  some  racing  takes  place 
with  all  ocean-going  marine  engines,  hardly  a  single  modern  ship  is  furnished 
irith  a  governor,  and  when  such  an  instrument  has  been  provided,  it  gener- 
ally supplies  ample  evidence  of  its  non-use  if  not  of  its  uBelesaneas. 

Ganges. —  In  every  engine-room  there  should  be  a  steam  gauge,  which 
shall  show  the  pressure  at  the  kigh^eiture  cylinder  valve-box;  a  gauge 
which  shall  show  the  pressure  in  each  receiver  (when  the  engine  is  com- 
ponndV  and  that  on  the  low-pressure  is  called  a  compound  gauge, 
as  it  IS  marked  as  a  pret»ure  gauge  when  above  atmospheric  pressure, 
and  as  a  vacuum  gauge  when  below — this  gauge  might,  with  advan- 
tage, be  marked  so  as  to  show  t^tolvle  pressure;  if  this  were  so  an 
additional  stumbling-block  would  be  removed  from  the  path  of  our 
"practical"  engineers,  and  allow  some  of  them  to  have  less  hazy  views 
on  the  question  of  "  vacuum  " ;  and  a  gauge,  commonly  called  the  vacuum 
gauge,  which  shall  show  the  pressure  in  the  condenser.  This  gauge  is 
marked  in  inches,  and  so  indicates  how  high  the  column  of  mercury  would 
be  in  a  vertical  tube  whose  upper  end  is  connected  with  the  condenser,  and 
the  lower  open  to  the  atmosphere.  The  old  original  vaouum  gauge  was 
simply  like  a  barometer,  and,  wnen  replaced  by  the  Bourdon  gauge,  to  avoid 
confusion  the  new  ones  were  marked  in  this  way.  To  say  that  there  is  a 
vacuum  of  12  inches,  means  that  the  difference  between  the  pressure  in  the 
condenser  and  that  of  the  atmosphere  is  equal  to  the  weight  of  12  cubic 
inches  of  mercury,  or  due  to  a  "  head  "  of  12  inches  of  mercury,  or  6  lbs. 
very  nearly. 

It  would  be  far  simpler,  and  certainly  more  uientific,  to  have  the  con- 
denser gauge  marked  from  0  to  16  \ha.  abioluU ;  the  "compound"  gauge, 
or  that  attached  to  the  valve-box  of  the  low-pressure  cylinder,  marked  from 
0  to  50  lbs.  abiolvte;  and  that  attached  to  the  valve-box  of  the  other 
cylinders  to  200  lbs.  ahtolute,  or  to  such  limit  as  shall  be  at  least  26  per 
cent,  higher  than  the  working  pressure. 

The  gauges  on  the  boilers  might  be  marked  as  at  present — viz.,  to 
indicate  the  pressure  above  that  of  the  atmosphere,  as  it  might  be  more 
difficult  to  train  firemen  to  know  the  meaning  of  the  new  markings,  but 
after  all  it  is  really  immaterial  to  them  how  it  is  graduated,  so  long  as  they 
know  to  what  mark  they  must  keep  the  pointer  when  under  steam,  and 
that,  when  the  pointer  begins  to  move,  on  getting  up  steam,  pressure  is 
forming. 

Care  should  be  taken  in  setting  the  gauges  in  the  engine-room  that 
allowance  is  made  for  the  extra  pressure  due  to  the  "bead"  of  water  in 
the  gauge  pipe,  which  will  be  about  1  lb.  for  every  2  feet  of  vertical 
M.  , 
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Lobrisaton  and  ImpansMton. — To  obtein  perfect  InbiioiUion  tbe  sapfd; 
■hoiild  be  steftdy,  nnifono,  Mid  eontinuons,  or  nearly  so.     This  is  tme  fw 
every  bearing,  gidde,  ^,  and  eqo&lly  bue  for  tite  labrintion  of  tbe  interml 
parts.     It  ifl  nstul  to  rely  on  atpilU^  attraction  to  convey  the  oil  frran  tbe 
oil  boxea  to  bearings,  gmdea,  «.,  by  means  of  worsted  sypboos ;  tbis  is  a 
Terr  simple,  well  tried,  and  fairly  efficient  metbod,  but  it  bu  aerioas  drsv- 
backs ;  it  requires  orautaot  attention,  as  the  worsted  wick  syphoiDS  act  as 
filters  and  become  clogged  witb  gluey  matter  contained  in  some  oils,  and 
Uiere  is  no  definite  means  of  proving  that  the  <mI  is  passing.       An  eqnslly 
simple  and  very  satasfsctory  plan  (fig.  193)  is  to  fit  an  <m1  box  a  few  incbes 
above  each  bearing,  in  snoh  a  way  that  if  oil  is  dropping  from  it^  it  can  be 
seen  or  felt ;  Uiere  is  a  small  cup  to  each  oil  hole  leading  to  tbe  beazing,  and 
over  each  of  tbeoe  is  a  small  nozzle  from  the  bottom  of  ^e  oil  box,  fitted  witb 
a  small  plug  so  as  to  r^uJate   tbe 
fiow  of  (nl,  or  to  atop  it  aJtogetber; 
if  preferreid,  however,  sypboos  may 
be  fitted  instead  of  screw  plugs,  as 
in  either  case  tbe  Jlote  of  oil  aan  he 
provtd.    A  perfect  lubricatioii.  bow- 
ever,  can  only  be  got  by  forcing  tbe 
oil  by   means  of    a   pnmp    Uirongb 
every  joint  and  beanng,    oollectinff 
tbe  oil  as  it  drops,  cocStng   it^  aoa 
agsin  pumping  it  to  the  joints.    This 
system   of  forced  lubrication    intro- 
duced by  Messrs.  Belliss  &  Morcom, 
and  applied  te  tbeir  high-speed  elec- 
tric   light  and    power    engines,    bsfl 
proved  a  great  success  by  penuitttog 
of  a  mechanical  efficient^  of  93  per 
cent,  and  preventing  wear  of  bearings 
and  joamals  during  quite  long  periods 
of  work. 

Cadman's  Pat«ttt  Lnbiicatora.— 
Elg.  193.— CflDtrifugsl  Lnbriostor.  Over  etwib  moving  part  required  to 

be  lubricated  ia  an  oil  box  having, 
projecting  tbrough  tbe  bottom,  a  small  plug,  held  there  by  a  spring,  and  so 
set  that  tbe  oil  dox  on  the  moving  part  touches  the  plug  end  and  opens  it 
so  as  to  let  a  drop  of  oil  pass.  This  is  especially  adapted  for  the  piston 
and  connecting-rod  brssses  of  a  vertical  engine,  and  for  guides,  Ac 

CentrtftlgU  Lnbrioators. — When  engines  are  running  at  a  high  speed, 
ordinary  external  appliances,  such  as  telescopic  pipes,  joiuted  pipes,  pipes 
fixed  to  tbe  rod  and  taking  oil  from  wipers,  &c.,  are  not  reliable  or  sufficient 
for  the  purposes  of  thoroughly  lubricating  the  crank-pin  brasses.  If  a  system 
of  forced  lubrication  by  means  of  holes  in  the  crank^shsft,  its  srm  and  pin,  is 
not  adopted,  it  is  nstuu  to  have  what  is  known  as  a  centrifugal  lubricator, 
Bucb  as  is  shown  in  fig.  193,  whereby  tbe  oil  supplied  from  a  fixed  lubricator 
passes  tbrougb  a  tube,  drops  into  a  circular  collar  surrounding  the  shaft, 
and  is  whirled  into  its  outer  part  and  from  it  by  means  of  a  tube  to  a 
hole  through  the  axis  of  the  ciank-pin,  from  which  it  flows  by  smaller  holes 
to  the  surface  and  so  lubricates  tbe  brasses.  From  the  time  of  leaving  tJie 
fixed  lubricator  oentrifugal  force  is  operating  to  compel  the  oil  to  flow  to 
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the  brasBes.  Lengtheaed  experiencs  with  this  in  the  Navy  has  proved  its 
reliability,  and,  aa  it  ia  not  an  expensive  fitting,  it  might  be  adopted 
with  advantage  generally  in  the  mercantile  marine,  as  less  oil  is  wasted 
by  it  than  by  the  ordinary  appliances.  The  hole  in  the  pin  also  provides 
a  store  of  oil  which  would  keep  the  brasses  supplied  in  case  of  a  temporary 
stoppase  of  snpply  from  tiie  oil-box. 

Sight  Feed  Lnbilcgtor  (fig.  194)  is  for  the  purpose  of  supplying  a 
steady  and  definite  supply  of  oil  to  tiie  cylinders,  and  is  so  designed 
that  the  condensed  steam  in  a  pipe, 
&0.,  leading  from  the  steam  pipe, 
shall  carry  with  it  so  many  drops 
or  globules  of  oil  as  it  drains  back 
near  to  the  valve-box;  the  water 
condensed  passes  through  a  glass 
tube,  near  to  the  bottom  of  which 
the  oil  enters  it,  and  the  number 
of  oil  globules  passing  per  minute 
may  be  counted,  and  the  supply 
thus  regulated  to  a  nicety.  This 
is  a  most  ingenious  contrivance,  and 
in  the  hands  of  careful  men  who 
understand  it  efiects  great  econonw, 
while  adding  to  the  efficiency  of  the 
engine ;  but  in  careless  hands  it  is 
almost  useless. 

Heotaanical  Impermeaton. — 
These  are  most  successful  in  oper- 
atdoQ,  and  more  rehable  than  any 
other  form,  inasmuch  as  their  action 
is  so  simple  that  every  one  can  un- 
derstand them.  Essentially  there 
is  only  a  force  pump,  having  a  very 
slow  motion  imparted  to  its  ram  or 
rams  by  gearing,  moved  by  one  of 
ibe  working  parte  of  tlie  engine. 
The  gearing  generally  consists  of  a  . 
ratchet  lever  worked  from  the  valve- 
rod  of  the  nearest  cylinder,  and 
moving  a  wheel  on  whose  axle  is  a 
worm  which  gears  into  a  wheel  on 
the  rim  (rf  a  nut;  this  nut  fits  on 
the  thread  cut  on  the  ram,  and  held 
in  position  by  a  bracket;  as  the 

nut  is  moved  round,  the  arm  moves  Yig.  194. 

slowly  in  or  out  of  the  chamber. 

The  ram  chamber  is  supplied  with  oil  from  a  small  tank,  and  is  connected 
by  a  pipe  to  the  top  of  the  valve-box  of  the  high-pressure  cylinder;  small 
noD-retum  valves  are  fitted,  so  that  the  oil  cannot  flow  back  to  the 
tank,  and  tbe  steam  cannot  force  itself  or  the  oil  back  into  the  chamber.  It 
is,  however,  a  very  common  practice  now  to  run  engines  without  internal 
lubrication,  or  with  only  such  as  enters  Uie  cylinders  with  the  piston  and 
vsJve-rodSi    Xt  ^iim  been  found  that  after  an  engine  has  worn  its  internal 
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moring  parts  fairly  smooUi  then  is  no  need  (rf  otlier  lubricant  Uiui  the 
moisture  from  the  Hteam,  and  so  all  risk  of  damage  to  boilers  from  grease  is 
avoided  by  doing  away  with  internal  lubricatiDK  apparatus.  If,  howeTer, 
Kuperheated  steam  is  used,  oil  lubrication  may  become  neceiisary  in  some 
engines ;  when  it  does,  care  should  be  token  to  use  ouly  a  pure  hydrocarbon 
suitable  to  the  temperature  or  graphite  paste  forced  in  by  a  mmilar 
instrument. 

Drain  Pipei  from  the  cylinders  and  valve-boxes  should  lead  to  the  oon- 
denser,  bo  that  there  shall  be  no  loss  of  fresh  water,  and  no  filling  c^  Uie 
engine-room  with  vapour  when  the  cocks  are  opened.  It  is  customary  to 
connect  these  pipes  to  the  hot-well,  which  serves  this  purpose  very  well  -witii 
high-pressure  and  medium-pressure  engines ;  but  since  we  preesura  in  the 
low-pressure  cylinder  of  a  compound  engine  is  only  for  a  very  small  portdon 
of  the  stroke  above  that  of  the  atmosphere,  the  opening  of  the  cocks  will  not 
get  rid  of  the  wat«r,  but  only  allow  air  to  force  its  way  back,  and  so  reduce 
the  vacuum.  It  is  sometimes  convenient  to  see  if  water  is  flowing,  and  ao 
prove  that  the  cocks  are  not  choked  ;  this  may  be  accomplished  by  fitting  a 
*'  three-way  "  cock  to  the  main  drain  pipe,  which  permits  communication  to 
be  made  with  the  condenser  or  bilge  at  the  wilt  of  the  engineer. 

Jacket  Draini  should  always  lead  to  the  hot-well,  and  when  the  engine  is 
working  the  cocks  should  be  open  sufficiently  wide  to  just  keep  the  jackets 
free  of  water ;  the  hot  water  escaping  from  the  jackets  then  helps  to  warm 
the  feed-water. 

Feed-heaters. — It  is  a  most  essential  thing  that  the  feed-water  shall  enter 
the  boiler  as  warm  as  possible,  both  to  e&ect  economy  of  fuel  and  avoid  wear 
of  the  boiler.  Economy  can  only  be  effected  directly  by  making  use  of  heat 
Ihat  would  otherwise  he  wasted  for  this  purpose ;  but  indir^diy,  by  pro- 
m;iting  circulation  and  reducing  the  necessity  of  circulation  instead  of  check- 
ing it,  considerable  economy  may  be  effected,  even  to  the  extent  of  warranting 
the  use  of  heat  which  is  not  "  waste."  Many  attempts  have  been  made  to 
heat  the  feed-water  with  exhaust  st«am,  hot  gases  in  uie  uptake,  Ac  ;  bat  no 
great  measure  of  success  has  attended  the  efforts  of  those  who  have  paid  most 
attention  to  this,  for  the  apparatus  employed  has  generally  been  inefficdeDt 
and  its  durability  short  In  the  old^r  expansive  engines,  where  the  tempera- 
ture of  the  steam  at  exhaust  was  often  over  330°  Fah.,  great  economy  was 
effected  by  heating  the  feed-water  in  a  small  kind  of  surface-condenser,  placed 
on  top  of  the  condenser  so  as  to  intercept  the  hot  currant  of  steam  flowing  to 
the  latter ;  bntnow  with  oompOQnd  engines,  where  the  temperature  of  exhaust 
is  only  about  ISO*  Fah.  at  the  most,  no  such  means  is  efficient  for  the  pur- 
pose. No  doubt  KIM  economy  is  possible  even  under  these  circumstances, 
especially  if  the  feed-water  is  permitted  to  drculcUt  in  the  heater  for  an 
appreciable  time;  but  considering  that  when  it  leaves  the  hot-well  it  should 
and  can  be  at  a  temperature  of  130*  Fah.,  very  little  more  heat  can  be 
imparted  to  it  from  an  external  heating  agent  whose  temperature  is  only  50* 
above  it.  Some  day,  perhaps,  means  will  be  found  to  avoid  the  loss  cd  all 
the  latent  beat  wbicdi  takes  place,  and  which  is  hnge  compared  with  the  whole 
of  the  lensible  heat.  The  exhaust  steam  being  at  180'  Fah.,  the  total  possible 
saving  of  sensible  heat  is  now  &0°  Fob.,  while  the  latent  heat  lost  is  nearly 
1000*  BWl 

Weir's  Feed-beater  ia  designed  to  raise  the  temperature  of  the  feed-water 
to  nearly  212*  Fah.  by  means  of  a  portion  of  the  stetun  from  the  receiver  of 
the  compound  engine. 
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Weir's  Feed-Water  Heater  and  Antomatic  Begnlatliig  Qear. — Fig.  195 
gives  B  sectional  view  sbowiog  its  general  oonatractioii.     The  heating  steam 
IS  taken  from  the  low-preasure  casing  of  the  main  engine  and  the  exhaust  of 
the  auxiliary  engines,  such  aa  feed  pumps,  electric  light,  fan  engines,  Jeo., 
is  also  led  into  Uie  heater  through  the  non-return  voire,  B,  on  tiie  side  of 
the  apparatus.     A  circular  ring  and  conic&l  spray  piece  with  perforations 
are  fitted  to  mix  the  water  and  steam  uniformly.    The  foed-water  is  forced 
by  the  main  engine  feed  pnmps  through  the  spring  loaded  valve,  D,  on  the 
cover  in  a  thin  sheet,  and  is  instantly  heated  by  contact  with  the  steam.     As 
the  pressure  in  ttie  heater  is  generally  much  less  than  that  of  the  entering 
water,  the  efiect  of  this  lowering  of  the  pressure,  and  sudden  heating  of  the 
water,  is  to  liberate  the  air  in  tlie  water,  and  this  is  removed  to  the  con- 
denser, or  to  the  atmosphere,  by  a 
small  cock,   K,  on  the  air  vessel 
placed  OD  the  top  of  the  heater.  The 
feed-water    is    thus   rendered    non- 
corrosive,  and   falls   to  the  bottom 
of  the   heater  at  the   boiling  tem' 
peratare  due  to  the  pressnre.  .  The 
steam  admission  valve  is  of  special 
ooDstraction.     It  can  be  opened  to 
admit  the  necessary  amount  of  steam 
to  the  heater,   but  it  clones  by  its 
own  weight  in  case  there  is  no  flow 
of  steam  into  the  beater ;  this  valve 
is  also  fltt«d  with  a  daabpot,  which 
allows  the  valve  to  close  gradually, 
and  prevente  it  hammering  on  its 
seat     in    case     of    fluctuations     of 
pressure.     The   combination  of  the 
automatic  regulating  gear  with  the 
heater  has  long  been  a  special  feature 
of  tbe  Weir  apparatus.     The  float, 
E,  shown  in  Uie  lower  part  of  the 
heater  is  a  pan,  with  water-tight  ^^^ 

bottom  and  sides,  but  open  on  the 
top.  It  is  suspended  on  two  levers, 
■o  OB  to  move  up  and  down  with  a 
parallel  motion;  the  top  lever  spindle 

end,  and  ia  balanced  by  a  lever  and  weight.  The  float  is  always  full  of 
water,  and  the  wei^t  is  adjusted  to  balance  when  one  half  is  immersed  in 
water.  To  the  weight  lever  anotlier  lever  is  attached,  wbich  actuates  the 
tlirottle  valve,  F,  and  controls  the  supply  of  steam  to  the  pump  drawing 
from  the  heater.  When  the  water  in  the  heater  rises  tlie  float  is  raised,  and 
the  throttle  valve  opened,  and,  when  the  water  level  ia  lowered,  the  float 
follows,  and  the  valve  is  closed ;  the  level  of  the  water  is  thus  kept  constant 
in  the  heater,  and  the  pumps  are  completely  filled  with  water.  "Ihe  regulat- 
ing valve  is  a  cock  wiui  a  parallel  key ;  the  pressure  of  the  steam  keeps  it 
perfectly  Bt«Bm-tight,  although  it  may  have  worn  slack  in  the  shell ;   the 

Eresaure  also  keeps  the  shoulder  of  the  key  against  tJie  bottom  of  the  stuffing- 
ox,  BO  that  the  stuffing  gland  b  always  kept  slack.  A  relief  valve  and  the 
neceasary  gauges  are  also  fitted  to  the  heater. 


Antomatio  Begulating  Gear, 
carried  through  the  door  at  one 
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EVBporttort. — The  mdwiitigea  of  enpplying  marme  boilers  witii  pm* 
water  ue  great,  and  are  ao  obvioua  as  not  to  need  specifying.  Samael  Hall, 
the  iaventor  of  the  sarface  oondenser,  was  ao  thorough  in  his  desire  to  nae 
only  fresh  water  in  the  boilers  of  ships  with  his  condenser  that  in  1833  be 
fitted  evaporators  to  several  of  them  made  on  precisely  Uie  same  principles 
as  govern  the  design  of  our  modem  ones.  He,  however,  went  beyond  the 
modem  engineer  by  placing  his  app&ratus  in  t^e  steam  chest  of  the  boiler  so 
as  to  lose  no  heat.  The  neceeaitr  of  it  was  not,  however,  so  severely  felt 
nntii  voyages  of  considerable  length  had  been  made  with  ships  whose  boilers 
work  at  pressures  of  1(X)  lbs.  and  upwards.     The  weight  of  water  evapontted 


Fig:  IM.  Fig.  1960. 

in  bcdlera,  whose  working  pressure  is  ISO  lbs..  Is  maoh  greater  in  proportion 
to  the  size  than  was  the  case  with  those  working  at  76  lbs. ;  and  the  evils 
arising  from  the  deposit  of  scale  are  magnified  with  the  higher  pressure  and 
Qonaeqnent  higher  temperature.  Again,  the  liability  to  put  on  scale  is 
greater,  ioasmuoh  as  the  losses  from  leakages  are  greater  with  the  higher 
pressures.  Hence,  the  old  system  of  making  up  loss  of  water  by  a  sapply 
from  the  sea,  althouKh  a  very  simple  and  ready  one,  was  not  by  an^  means 
satisfactory,  and  did  not  remedy  the  evil,  hut  rather  magnified  it  The 
Admiralty  and  some  private  shipowners  tried  to  obviate  it  by  providing  s 
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snppljr  of  f I'esli  water  iu  the  double  bottoms,  or  in  tanks  apeoiBlly  fitted  for 
the  purpose.  This,  however,  was  only  bolf  a  remedy,  imtsmncb  as  the  fresh 
water  generally  obtainable  contained  large  quantities  of  lime  and  other  salts 
which  gave  a  hard  deposit  more  difficult  to  remove.  Moreover,  this  fresh 
water  cost  money,  and  was  so  much  extra  weight  to  carry  which  also 
added  to  its  cost.  Then  recourse  was  had  to  the  auxiliaiy  or  donkey-boiler 
to  obtain  distilled  water,  whi^  meant  an  expenditure  of  ooal  as  well  as 
labour  in  cleaning  out  these  boilers  after  they  had  become  coated.  Besides, 
these  small  boilers  very  soon  got  so  coated  that  they  had  to  be  stopped  for  a 
thorough  clean-out;  and  during  tite  time  they  were  at  work  uiere  was 
always  the  risk  of  damoging  l^m.  In  spite  of  these  difficulties,  however, 
it  was  fonnd  to  be  the  most  satisfactory  way  of  obtaining  an  extra  supply 
for  ihe  main  boilers,  and,  consequently,  improvement  was  made  in  uiis 
direction  by  supplying  a  small  ba^er  (Fig.  196),  whose  heat  is  obtained  from 
either  the  steam  direct  from  the  main  boilers  or  from  the  exhaust  from  one 
or  other  of  the  cylinders ;  the  former  plan  was  found  eventually  to  be  the 
best. 

Fig.  196a  may  be  taken  as  another  example  of  the  iypQ  now  in  general 
use.  It  consista  of  a  vertical  cylindrical  shell  fitted  wit^  moontii^  and 
gear  similar  to  those  on  a  steam  lannch  boiler ;  instead  of  a  furnace,  oom- 
bustiou  chamber,  tubes,  &&,  it  has  a  tubulous  arrangement  ingeniously 
contrived  so  that  the  steam  is  mode  to  give  up  its  heat  to  the  water  within 
the  evaporator  as  far  as  possible,  and  the  resultant  water  to  drain  away  uid 
be  returned  to  the  main  condenser  or  hot-well.  Steam  is  in  this  way  raised 
in  the  evaporator,  and  passes  from  it  to  the  main  condenser  or,  as  in  naval 
ships,  to  the  auxiliary  condenser,  the  resultant  water  being  finally  pumped 
into  the  main  boilers  in  the  usual  way.  Sea  water  is  pumped  into  the 
evaporator  by  a  small  donkey-pump,  and  the  salt  is  blown  down  from  t^e 
evaporator  in  the  same  way  as  was  usual  with  boilers  supplied  with  sea 
water.  The  internal  tubulous  apparatus  ia  so  arranged  that  it  can  be  easily 
withdrawn  from  the  shell,  as  shown  in  tlie  figure,  for  a  thorough  clean-out 
when  necessary.  Instead  of  t^e  steam  from  the  evaporator  being  sent  direct 
to  the  condenser,  it  can  be  mode  to  do  useful  work  by  admitting  it  to  the 
valve  box  of  tbe  low-pressnre  cylinder,  as  was  done  by  Messrs.  Weir 
originally. 

There  ore  other  equally  ingenious  and  efficient  evaporators,  hut  they  are 
all  worked  on  the  same  principle  of  beating  water  and  converting  it  into 
steam  with  steam  made  in  the  main  boilers.  In  all  cases,  as  is  only  to  be 
expected,  tubes  are  employed  in  one  form  or  another  to  effect  this  putpoee. 

Ladders. — The  main  ladder  to  an  engine-room  should  not  be  less  than  IS 
ins.  wide,  and  where  space  permits  should  be  quite  24  ins.;  the  sides  are  of 
flat  iron  bars  usually,  4  x  |  in.;  the  treads  or  steps  are  of  cast  iron,  and  10 
ins.  apart,  and  from  4^  to  7^  ins.  wide.  The  inchnation  of  the  ladder  to  the 
vertioil  is  usually  about  1  in  3  with  narrow,  and  1  in  2i  with  broad  steps; 
the  hand  rail  is  1  in.  diameter  when  of  iron,  and  from  l^to  I  j  ins.  when  of 
brass;  the  former  looks  better  from  an  engineer's  point  of  view,  is  more 
durable,  and  easier  kept  dean.  Ladders  leading  to  the  various  parta  of  the 
engine  ore  usually  made  lighter  than  the  main  ladder,  and  the  steps  are 
often  formed  of  three  "  spills  "  or  bars,  |  in.  diameter,  or,  better  still,  square 
section. 

It  ia  very  essential  that  means  be  provided  for  the  engineers  to  get  e^ily 
and  safely  to  every  part  of  the  engine  requiring  att«ntion;  these  light 
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Udden  ue  »  soarce  of  great  ooDvenienoe,  and  are  amply  pud  for  in  the 
bettor  attention  given  to  the  working  parts. 

QntiDgt  and  Platfonns. — ^With  the  same  object  in  view,  good  platforma 
to  stand  on,  and  gratings  to  form  mads  to  the  vwons  parts  shoold  be  pro- 
vided. The  engine-room  platform  is  usoalljr  Uid  with  either  cast-  or 
wronght^iron  chequered  plates,  the  pattern  on  whose  face  shoold  be  one 
which  will  give  good  foothold,  and  not  prevent  dirt  from  being  swept  from 
it.  Some  engineers  prefer  to  have  all  bottom  platforms  made  of  wood,  and 
laid  over  with  sheet  lead ;  the  lead  permits  of  good  foothold,  and  is  easily 
kept  clean ;  water  runs  easily  off  it,  and  when  in  good  repair  it  looks  very 
well ;  but  it  is  not  so  durable  as  the  iron,  and  is  very  liable  to  damage  from 
weights  falling  on  it  The  gangways  leading  to  the  upper  parts  of  engines 
are  sometimes  made  with  chequered  wrought-iron  plates ;  bat  except  when 
thev  are  immediately  over  the  working  parts  this  is  not  a  good  proctzoe,  as 
both  light  and  ventilation  are  obstmoted  by  them,  and  they  require  constant 
cleaning.  "  Spill  "  gratings  are,  therefore,  preferable  in  moat  cases,  as  they 
stop  light  and  ventilation  to  only  a  very  small  extent,  and  require  no  clean- 
ing ;  tney  are  made  with  sides  of  flat  bars  2}  x  J  in.,  and  cross  bars  ^  >a- 
diameter,  and  spaced  2i  ins.  apart ;  those  of  luge  size  and  liable  to  support 
heavy  weights  have  sides  3  x  ^  in.,  with  spills  j  in.  diameter,  pitted 
3|.ins. 

Feed  Filters  are  often  fitted  in  ships  of  all  sizes  with  the  object  of  pre- 
venting any  oil  or  grease  getting  into  tne  boilers  with  the  feed  wat«r;  they 
certainly  succeed  in  keeping  out  grease  and  solid  matter,  but  fail  to  do  so 
with  oils.  Qenerally  the  filtering  material  is  Turkish  towelling  so  placed  in 
one  or  more  layers  that  &U  the  feed  water  must  pass  through  it  and  leave 
deposited  on  it  all  solids  and  semi-solids,  and  to  a  great  extent  absorbed  by 
it  oils  and  greases  in  the  liquid  state.  The  apparatus  is  always  arranged  so 
that  the  "  cartridge  "  of  towelling  can  be  easily  withdrawn  and  a  fresh  clean 
one  substitnted  wiUiont  causing  any  stoppage  of  the  engines. 

Stokehole  Vsntilatorfl  should  have  an  ^gregato  transverse  area  of  0-45 
square  inch  for  each  pound  of  fuel  burned  per  hour;  or,  say,  0675  square 
inch  per  I.H.F.  of  trial  trip  in  the  Mercantile  Marine,  or  0-75  square  inch 
per  I.H.F.  in  Express  steamers  on  short  service  and  naval  ships. 

The  area  of  the  mouths  should  not  be  less  than — 

1-35  square  inch  per  pound  of  fael  iu  10  knot  ships. 
1-24  „  „  „  12  J       „ 
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CHAPl'ER  XXIII. 

WEiaHT  AND  OTHBK   PABTICUUB8  OP  HACHIKBRT   BBLATIITO  THERETO. 

The  Weight  of  the  Engines  and  Boilers  of  every  ship  ia  a.  matter  of  extreme 
importance,  although  certain  classes  of  shipowners  rarely  give  a  second 
thought  to  it,  and  probably  would  not  pay  anything  extra  for  a  saving  of  6 
per  cent.,  although  it  would  enable  them  to  carry  more  cargo  and  gain  yearly 
a  respectable  sum  of  money.  In  the  case  of  small  steamers  of  h^h  speed  it 
is  of  the  very  first  importance ;  in  fact  such  speeds  as  they  are  run  at  tonjay 
are  only  attainable  by  the  most  careful  designing  of  the  engines,  whereby  the 
weight  is  reduced  to  a  minimum.  The  beat  modem  instances  of  this  are  to 
be  found  in  the  Torpedo  Boat  and  Torpedo  Boat  Destroyer ;  some  good  ones 
arc  also  observable  in  l^e  cross-channel  steamers,  both  paddle  and  twin  screw. 
In  the  case  of  tiie  modem  Atlantic  steamers  the  margin  for  weight  of  cargo 
is  exceedingly  small,  so  that  a  ship  may  have  20,000  tons  displacement,  and 
only  a  margin  of  600  tons  for  cargo  pure  and  simple.  The  machinery  of  such 
a  ship  will  weigh  4,500  tons.  It  will  be  seen,  therefore,  that  the  saving  of  a 
small  percentage  of  ita  weight  would  add  a  very  large  percentage  to  the  dead- 
weight cargo  capacity.  (Of  course  there  is  plenty  of  room  for  stowing  cargo 
in  these  ships,  so  that  they  can  carry  plenty  of  goods,  whose  specific  gravity 
is  low,  and  thereby  obtain  high  rates  of  freight  if  there  is  surplus  d^place- 
ment  sufficient)  la  the  case  of  cross-chumel  steamers  the  present  speeds 
were  only  possible  by  the  reduction  in  size  of  boiler  per  I.H.P.,  consequent 
on  the  introduction  of  the  triple  and  quadruple  engine  and  forced  drau^t. 
In  their  cose,  however,  it  was  not  merely  a  question  of  weight,  but  one  of 
capacity  as  well.  In  tJie  case  of  the  cargo  steamer  l^e  weight  of  the 
machinery  ia  only  a  comparatively  small  fraction  of  the  total  displacement, 
and  hence  ia,  as  already  stated,  too  generally  disregarded;  bat  here,  too, 
tiie  question  is  worthy  of  attention,  as  in  the  times  of  bad  freights  the 
diSerence  of  a  few  tons  in  weight  of  cargo  carried  may  make  the  difference 
between  a  profit  and  a  loss. 

Most  modem  engineers,  however,  have  their  attention  called  to  the  ques- 
tion of  weight  by  other  considerations  than  obtain  with  the  shipowner. 

In  the  case  of  warshipB,  weight  of  machinery  again  is  of  prime  importance, 
inasmuch  as  the  armament  and  coal  supply  is  in  no  small  measure  dependent 
on  the  margin  of  displacement  left,  after  providing  for  the  whole  equipment 
and  machinery.  In  other  words,  the  lower  the  weight  of  the  engines  and 
boilers,  the  larger  may  be  the  amiament,  the  armour,  and  the  fuel  supply. 
In  the  case  of  battle  ships,  whose  speed  is  comparatively  moderate,  and  the 
displacement  on  the  dimensions,  consequently  larger  than  is  the  case  with 
cmisers  whose  speed  is  very  high,  the  machinery  need  scarcely  be  so  light; 
and  although,  as  a  rule,  the  design  of  both  engines  and  boilers  is  similar  to 
that  of  the  cruiser  the  rate  of  revolutions  is  not  nearly  so  high. 

Again,  the  small  cruisers,  whose  speed  is  to  be  nearly  as  high  is  that  of 
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ih»  Ug  ones,  h»ve  not  the  same  margin  for  their  machinery  ;  it  is,  ttierelore, 
imperative  that  their  engines  should  be  lighter  per  H.P.  The  saving  in 
weight  is  generally  effected  in  this  case  by  making  the  engines  to  ran  at  a 
very  high  namber  of  revolutions,  with  a  nigh  referred  mean  pressure,  and 
designing  the  variona  parts  with  the  greatest  care  possible,  using  only  material 
of  the  greatest  strength  for  the  purpose.  The  factor  of  safety,  ther^ore,  is 
practically  aa  high  as  that  of  other  ships,  because  these  ships  may  have  to 
run  in  war-time  continuously  at  or  near  full  speed  for  long  periods. 

The  machinery  of  the  ToTpedo  Boat  ana  Destroyer  is,  of  course,  also 
designed  with  the  greatest  care,  and  made  of  the  very  best  material,  but 
here  the  soKxUed  margin  of  safety  is  reduced ;  in  other  words,  engines  are 
made  so  that  at  Cheir  ordinary  rates  of  speed  there  will  be  as  good  a  maigin 
of  safety  as  in  any  other  ship ;  spurting  they  will  have  to  do  in  time  (tf  war, 
but  their  coal  supply  does  not  permit  of  long  duration  of  it,  and  the 
exigencies  of  the  servioe  in  peace  time  would  not  require  it  to  be  done 
often  in  the  course  of  a  twelve-month;  henoe,  although  the  factor  of  safety 
at  high  speeds  may  be  low,  it  is  still  well  within  the  safe-working  limit 
of  the  material,  and  no  great  risk  of  acddent  is  run.  A  reference  to 
Tables  xlix.  to  le.,  will  ^ow  the  pn^pi'ess  of  modem  engineering  in  both 
the  Navy  and  mercantile  marine  during  the  past  thirty  years,  and  the  lines 
on  which  modem  engineers  have  advanced  to  attain  their  present  auooess  in 
ooal  consumption  and  the  weight  of  machinery. 

In  1870  Battleships  and  &alsers  were  still  fitted  with  simple  horizontal 
engines  and  box  boilers  of  low  pressure.  They  were  on  the  expansive  prin- 
ciple, steam  being  cut  off  at  a  little  past  half  stroke,  and  exhausted  into  » 
Burfsioe  condenser.  The  boilers  were  designed  for  a  pressure  <J  30  lbs., 
although  sometimes  1  lb.,  or  even  2  lbs.  more  was  attained,  and  tbey  bore 
generally  a  strong  family  likeness  to  fig.  130.  The  maximum  piston  speed 
was  about  600  feet  per  minute  on  trial  trips  with  large  engines,  and  abont  150 
to  600  feet  with  the  smaller  ones,  The  mean  pressure  was  about  SO  lbs.  per 
square  inch  in  battle  ships  and  20  to  25  lbs.  in  cruisers.  The  I.H.F.  per 
ton  total  weight  machinery  was  about  7.  8*5  I.H.F.  was  developed  for  each 
square  foot  of  grate,  and  33  per  100  square  feet  of  total  heatmg  surfoce ; 
the  consumption  of  ooal  was  about  3^  lbs.  at  full  speed,  and  abont  2^  at  half 
power. 

To-day  the  battleship  and  first-class  cruiser  have  triple-compound  engines 
of  the  four  cylinder  type  accurately  bal&nced,  so  that  vibration  produced  by 
them  is  very  much  leas  than  that  produced  by  the  small  early  engines. 
These  engines  have  a  piston  speed  of  nearly  1000  feet  per  minute,  and 
revolve  about  120  to  130  times  in  a  minute.  The  steam  is  supplied  to  them 
at  a  pressure  of  from  200  to  250  lbs.  per  square  inch,  and  the  referred  mean 
pressure  is  44  to  50  lbs.  Their  I.H.F.  is  abont  11  to  12  per  ton  of  total 
weight  of  machinery  at  full  speed,  or  from  9  to  9^  I.H.F.  per  ton  at  cruising 
speeds,  corresponding  to  that  of  the  ocean  liner's  full  speed.  The  oonsnmp- 
tioD  of  fuel  is,  however,  not  so  greatly  reduced  in  these  ships  as  is  the  case 
in  the  mercantile  marine,  for  although  on  trial  trips  it  is  at  the  rate  of  about 
1-7  tol'Slba.  per  I.H.P.,  on  lowcruisins  speeds  it  rises  to  aa  much  as  Sj^lbs., 
including  all  auxiliaries,  Jic  The  speed  of  battleships  is  19  knots,  first-class 
cruisers  24  knots,  eecond-ctaaa  cruisers  2d  knots,  third-class  cruisers  21  to 
32  knots.  "  Bcoute,"  which  ore  a  cross  between  the  tihird-cUss  cruiser  and 
the  torpedo  boat  destroyer,  are  expected  to  attain  a  speed  of  2fi  knots.  The 
Deetroyer,  which  commenced  with  a  speed  of  26  knote  in  1894,  attained  32 
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knots  in  1900,  and  in  the  owe  of  the  "  Cobra  "  and  tiie  "  Viper,"  with 
Parson's  tnrbine,  35  knots  waa  reached.  These  very  high  speeds,  dne  to  the 
extremely  light  weight  of  both  ships  and  engines,  was  obtained  at  a  gi«at 
sacrifice,  consequently  the  British  Govemment  ia  at  present  content  with  a 
speed  of  26  knots,  and  allow  a  weight  of  machinery  30  per  cent,  per  I.H.F. 
greater  than  that  with  which  the  30  knots  were  obtained 

nston  SpMdfl. — In  1870,  prior  to  the  introduction  of  the  compound 
engine,  the  piston  speed  of  an  Atlontio  passenger  steamer  was  400  feet  per 
minute,  of  smaller  passenger  steamers  350  feet,  while  fast  cruisers  had 
a  piston  speed  of  650  feet;  battleships  the  same,  while  small  cruisers  had 
only  450  feet. 

In  1880,  before  the  advent  of  triple-compound  engines,  Atlantic  and 
ocean  steamers  generally  had  advanced  to  600  feet,  the  smaller  passenger 
steamer  to  450  feet,  the  cruiser  to  600  feet,  the  battleship  to  600  feet,  and 
small  cmisers  to  660  feet  per  minute. 

In  1 882  forced  draught  was  introduced  into  the  Navy,  and  by  this  means 
the  increased  supply  of  steam  permitted  of  higher  speeds,  so  that  in  1885 
large  cruisers  had  a  piston  speed  as  high  as  660  feet,  and  small  ones  as  high 
as  750  feet  per  minute.  At  that  time  the  triple  engine  had  got  a  foothold 
in  the  mercantile  marine,  and  permitted  of  a  piston  speed  of  760  feet  in 
ocean  mail  steamers  and  small  passenger  stAomers  550  feet  per  minute.  ' 

By  1890  higher  pressures  of  steam  had  been  employed,  and  confidence  in 
the  triple  engine  established  ;  consequently  the  piston  speed  for  cruisers  and 
battlesnips  was  raised  to  800  feet,  ocean  Imera  to  the  same  speed,  and  small 
passenger  steamers  in  some  few  instances  exceeded  this. 

Five  years  later  battleships  bad  a  piston  speed  of  875  feet,  cruisers  a 
little  more  ;  while  the  newcomer,  Dettroytr,  attained  its  very  high  speed  by 
moving  the  pistons  at  a  velocity  of  1200  feet  per  minute.  The  Atlantic 
mail  and  the  small  passenger  steamer  bad  made  only  very  slight  advances 
on  1890. 

To-day  we  find  the  battleship  and  cruisers  with  four  crank  carefully 
balanced  engines  running  at  960  feet,  and  small  cruisers  at  1000  feet  per 
minute ;  the  Atlantic  mail  steamer  at  940,  sad  the  small  express  steamer  at 
950  feet  The  cargo  steamer  pure  and  simple  makes  her  voyages  with  a 
piston  speed  of  500  to  660,  depending  on  the  size  of  the  engine. 

The  increase  in  piston  speed  has  been  obtained  by  quickening  the  revolu- 
tions from  70  to  120  in  battleships,  and  from  75  to  140  in  large  cruisers ; 
tiie  greatest  difference  is,  however,  in  small  cruisers,  the  change  being  from 
90  to  260  reTolutiona.  In  the  mercantile  marine  the  revolutions  of  an  ocean 
liner  is  80  against  66,  and  in  ordinary  small  passenger  steamers  150  aKainst 
80  to  90  of  twenty-five  years  ago.  It  is  therefore  not  surprising  to  find  that 
the  LH.F.  per  ton  (A  machinery  in  ocean  mail  steamers  is  only  6*76  as 
against  5  or  35  per  cent,  increase,  while  in  large  cruisers  it  is  12  against  7, 
or  an  increase  of  70  per  cent.  In  small  cruisers  the  I.H.F.  is  now  19  per 
ton  against  6  of  twenty-five  years  ago,  or  an  increase  of  216  per  cent.  It 
may  be  taken  as  a  rule  that  a  reduction  in  weight  per  I.H.F.  is  obtained  bv 
increased  piston  speed  if  it  is  due  to  high  revolutions ;  on  the  other  hand, 
if  piston  speed  is  got  by  lengthening  the  stroke,  no  saving  is  effected,  but, 
on  the  contrary,  an  increase  may  be  looked  for. 

Boiler  and  Hean  PresBureB. — The  general  tendency  of  increase  in  boiler 

Eressure  is  to  increase  the  weight  of  the  engines  as  well  as  the  boilers.     If, 
owever,  an  increase  of  mean  pressure  is  obtained  by  the  increase  of  boiler 
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pressnre,  and  the  rat«  of  increana  be  greater  than  that  of  tiie  boiler  pressure, 
tho  weight  of  the  engines  per  I.E.F.  may  be  really  decreased.  Such,  how- 
ever,  was  not  generally  me  caae  in  the  history  of  marine  engineering 
progress.  la  1870  with  a  boiler  pressure  of  45  lbs.  absolute,  tiie  mean 
pressure  was  as  raach  as  24  lbs.  in  the  expansive  sur£M»  condensing  engines; 
or  S3  per  cent.  <ii  the  boiler  pressure.  In  the  componnd  engine  of  aboat 
that  time  the  referred  meao  pressures  vas  only  about  22  lbs.  with  (he  boiler 
pressure  75  lbs.  abeotnte,  or  only  29  per  oent  Later,  with  a  boiler  preflsure 
of  105  lbs.  absolute,  the  mean  in  express  steamers  was  only  30  lbs.,  or  28-5 
per  cent.  Later  still,  with  the  triple  engine  and  a  boiler  pressure  of  170 
lbs.  absolute,  the  mean  in  cruisers  of  high  speed  was  38  lbs.  or  22-4,  and  32 
or  only  18-8  per  cent,  in  merchant  ships.  To-day,  with  ioitdal  pressures  of 
250  lbs.  in  Uie  Navy  and  215  lbs.  in  the  mercantile  marine,  the  referred 
mean  pressure  ia  under  20  per  cent. 

The  effect  of  increase  <a  pressuree  is  best  seen  hy  comparing  the  second 
class  cruiser  of  1898  witih  that  of  1896.  These  engines  developed  practically 
the  same  power  at  the  same  number  of  revolutions;  the  design  of  each  was 
identical,  out  the  cylinders  were  made  amatler  in  diameter  for  the  increase 
in  mean  pressure,  the  referred  mean  pressure  being  50'9  Ibe.  in  one  case  and 
40'3  in  the  other.  As  might  be  supposed,  the  weight  of  engines  is  pmctically 
the  same  in  each  case.  If,  however,  the  boiler  pressure  had  been  increased 
without  an  increase  of  referred  mean  pressure,  the  I.H.P.  would  have  been 
the  same,  but  the  weight  of  engines  greater.  If  the  boiler  pressure  had 
remained  unaltered  but  the  referred  mean  pressure  increased,  there  would 
be  an  increase  in  I.H.P.  without  a  corresponding  increase  in  weight.  It 
may  therefore  be  assumed  that  increases  in  boiler  pressure  only  add  to  the 
weight  of  the  engine*  when  there  is  no  substantial  increase  in  the  referred 
mean  pressure.  Also,  that  when  there  is  a  substantial  increase  in  the 
referred  mean  pressure,  the  weight  of  maehintry  per  I.H.P.  is  not  necessarily 
increased  bv  the  increase  in  the  boiler  pressure. 

HaterialB. — ^The  weight  of  machinery  is,  of  course,  very  considerably 
influenced  by  the  materials  of  which  it  is  made.  For  example,  the  ordinary 
mercantile  engine  is  largely  made  of  cast  iron  of  a  quality  whose  strength 
does  not  exceed  7  tons  per  square  inch.  The  engines  <ii  naval  high-speed 
ships  have  little  cast  iron  in  their  construction,  but  what  there  ia  c&n  with- 
stand 11  tons  per  square  inch,  and  some  of  it  even  as  much  as  13  tons; 
much  of  them  is  of  cast  or  wrought  steel,  having  a  strength  of  28  tons  in 
place  of  the  merchants  ships'  7-ton  cost  iron.  Again,  in  naval  ships  the 
bronzes  are  extensively  used  in  lieu  of  cast  iron,  and  although  Admiralty 
bronze  ia  but  little  stronger  than  best  cast  iron,  it  is  much  more  so  than  the 
7-ton  costings,  and  consequently  may  be,  and  is  from  one-half  to  two-thirds 
the  thickness  of  the  corresponding  iron  castings  of  the  mercantile  marine. 
3^he  tight  weight  per  I.H.P.  of  the  cross-channel  mail  and  passenger  steamer 
is  largely  due  to  Uieir  having  engines  made  of  the  same  matenals  as  naval 
engines.  Kew  materials  are  from  month  to  month  brought  to  the  notice  of 
engineers  by  metatlurgbts  which  promi.'je  ^^reat  things  in  the  way  of  saving 
weight,  and  some  of  Uiem  fulfil  tne  promise,  but  oUiers,  from  one  cause  or 
another,  disappoint  both  their  discoverers  and  users.  Aluminium  is  an 
instance  of  this,  although  in  time  it  may  redeem  its  character  and  enable  fiie 
engineers  to  carry  out  all  the  good  intentions  they  had  when  the  price  fell  to 
28.  6d.  per  lb.  At  present  all  hopes  are  centred  on  nickel  as  the  improver 
not  only  of  steel,  but  of  aluminium.     Nickel  steel  is  serving  the  turn  of  the 
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navftl  defligner  by  withstanding  the  impact  of  shot ;  may  it  not  serre  the  turn 
of  th«  engineer  by  withstandijag  high  stresses — especially  alternating  ones — 
and  any  number  of  repetitions  ot  such  ehocks  as  come  on  many  of  the  moving 
parts  c^  the  marine  engine  T 

Annealing  &nd  oil  tempering,  too,  may  be  more  eztensiTely  used  to 
improTC  steels  as  now  made,  or  at  anyrate  to  make  them  more  uniform  in 
nature  and  with  more  of  the  valuable  character  as  usually  described  by  its 
friends  than  as  found  in  practice. 

The  superior  bronzes,  too,  may  be  used  with  advantage  to  save 
weight,  inasmuch  as  their  ultimate  strength  ia  quite  equal  to  that  of  steel ; 
moreover,  caatinga  may  be  made  of  them  much  thinner  tiian  if  of  steel. 
Most  of  these  bronzes  can  be  forged  and  rolled,  when  their  strength  is 
improved,  and  they  are  rendered  even  more  suitable  for  high-class  engineer- 
ing than  in  the  cast  state. 

Deaign  bos  great  influence  on  the  weight  of  marine  machinery,  as  may 
have  been  supposed ;  and  what  can  be  done  by  the  most  careful  deigning  is 
seen  in  the  case  of  the  machinery  of  the  Destroyer,  when  45  I.tf  P.  per 
ton  is  developed,  or  even  in  that  of  the  tiurd-class  cruisers,  when  20  I.H.P. 
are  developed  under  forced  draught,  and  even  14-6  under  natural  draught  per 
ton  weight. 

In  £e  case  of  the  Dtttroy«r  it  will,  of  course,  be  urged  that  the  saving 
was  effected  largely  at  the  expense  of  strength.  This  cannot  be  said  of  the 
cruiser's  engines  any  more  than  it  can  be  of  those  of  the  cross-channel 


It  is  true  that  not  much  saving  can  be  effected  in  the  principal  working 
parte,  except  by  sudh  means  as  boring  tiie  shafts  and  rods.  No  doubt  now, 
when  improved  tool  steel  and  appliances  admit  of  boring  at  a  cheap  rate, 
hollow  sbofte  will  be  used  as  freely  in  express  steamers  as  in  naval  ones,  and 
with  the  same  satisfaction.  The  great  saving  will  be  effected  by  change  in 
design  of  the  fixed  portions,  and  in  most  of  the  smaller  details  being  dealt 
with  drastically.  It  astonished  many  marine  designers  who  turned  from 
large  engines  to  the  quick  ones  in  Destroyed  to  find  how  much  material 
was  practically  wasted  in  the  numerous  unconsidered  fittings  and  fixings  of 
an  engine  and  engine-room. 

Not  much  in  any  case  can  be  done  in  reducing  the  weight  of  the  parts 
subject  to  (dUmating  stresses,  except  by  the  use  of  materials  better  calcu- 
lated to  withstand  them,  snch  as  nickel  steel,  high  carbon  steel,  &&,  oil 
tempering,  &c.  Some  saving,  however,  can  be  made  on  those  parte  liable 
only  to  irUermitteni  stresses,  especially  when  of  a  definite  and  easily 
calculable  nature ;  and  still  more  may  be  done  in  this  direction  on  the 
parte  subject  to  simple,  steady  loads. 

Table  xlviii.  gives  the  safe  limit  of  the  various  metals  used  by  engineers 
under  the  several  conditions  obtaining  in  practice,  and  the  following  observa- 
tions may  be  taken  as  guides  in  dealing  with  the  question  of  design  : — 

Efibct  of  Torions  Loads  and  StrsBaes. — The  various  parts  of  marine 
machinery  are  subject  to  loads  of  different  natures,  and  each  one,  as  a  rule, 
has  to  bear  a  repetition  of  its  own  particular  load  constantly  and  con- 
tinuonsly.  The  nature  of  the  load  should  determine  the  magnitude  of  the 
greatest  stress  which  the  port  subject  to  it  should  sustain.  If  it  be  a 
steady  one  all  materials  will  withstand  much  higher  stresses  than  are  pos- 
sible with  a  load  more  or  less  suddenly  applied  and  removed  continuously. 
Experience  has  shown  that  in  structures  on  land  metal  can  be  loaded  so  that 
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tiw  atren  is  oonaidenbly  mora  thui  half  ita  eUstio  limit,  if  it  ia  steady — ^lat 
is,  it  then  is  no  vamtioa ;  on  the  other  fauid,  it  has  been  found  that  ix  a  load 
of  raofa  magnitude  is  applied  and  ramoved  quickly  and  continaonsly  the  metal 
soon  gives  way.  If  the  stress  is  lowered  either  by  redndng  the  load  <»- 
increasing  the  section  of  material  to  sustain  it,  the  number  of  applicaUons  of 
load  to  produce  fracture  is  lai;ger;  if  farther  lowered,  it  takes  a  larger  nombw 
still;  finally,  it  is  fonnd  that  if  the  load  does  not  stress  the  material  beyond 
a  certain  fraction  of  the  elastic  limit,  the  number  of  applications  may  be  so 
large  without  prodncing  fracture  that  the  load  may  be  oooHidered  quite  a  safe 
one,  and  the  corresponding  stress  used  for  calculations  when  employing  that 
material  under  similar  conditions.  Such  loads  as  these  may,  for  convenience^ 
be  called  inUrmittent,  and  the  stresses  produced  iTttarvtiiUnt  ttrettet. 

Ths  parts  of  th«  anginfl  s&bjeot  to  ut«nnitt«nt  itnBses  are  the  piston-rod 
ends  in  and  beyond  the  pistons  and  cross-heads,  the  piston-rod  and  connecting- 
rod  caps  and  bolts,  the  cylinder  oover  studs,  main  bearing  caps  and  bolts,  the 
bolts  and  atuds  of  the  valve  gear,  the  guides,  ita.,  the  crank-shaft,  the  bigb- 
preesure  cylinder  and  its  covers,  the  medium-pressure  cylinder  and  its  covers 
generally,  and  all  the  column  and  framing  bolts.  The  tunnel  or  intermediate 
shafting  theoretically  has  a  lUady  load,  but  really  it  is  moderately  inter- 
mittent— that  is  to  say,  the  variation  is  not  from  lero  to  the  maximum, 
but  from  a  minimum  considerably  above  lero  to  the  maximuni. 

If  the  load  varies  from  a  positive  to  a  negative  value — that  is,  from  tension 
to  compression  and  from  oompression  to  tension — the  load  is  said  to  be  an 
attemaiing  one  and  the  stresses  on  the  material  aiUnuUing  ttittt«t.  Wobler, 
of  Berlin,  has  shown,  and  Professor  TJnwin,  in  this  country,  supports  the 
theory,  that  Uie  affect  of  a  positive  and  n^^tive  load  acting  alternately  con- 
tinuously is  nearly  the  same  in  its  destructive  effect  as  a  positive  load  of  the 
same  magnitude  as  the  two  jointly.  That  is,  if  a  piston-rod  is  subject  to  a 
thrust  of  20  tons  and  a  pull  of  IS  tons  or  vice  vertd,  the  effect  on  the  material 
is  nearly  the  same  as  if  it  were  subject  to  an  intermittent  load  of  35  tons. 
It  is,  however,  not  quite  Uie  same,  and  further  experiment  with  modem 
metals  may  show  that  at  moderate  loads  the  difference  between  alternating 
and  intermittent  is  not  so  great.  In  any  case,  material  subject  to  alternating 
loads  must  not  be  stressed  so  highly  for  any  one  direction  as  if  those  loads 
were  intermittent;  in  fact,  from  WonWe  experiments  the  stress  should  not 
be  much  more  than  half.  The  rapidity  of  intermission  and  alternation  is 
also  a  factor  in  determining  safe  stresses  for  materials. 

Further,  the  shape  of  &e  part  subject  to  load  is  of  importance ;  if  there 
are  incisions  similar  to  that  of  a  screw  thread,  which  suddenly  change  and 
concentrate  stress  and  invite  fractures  the  stresses  should  be  much  lower  than 
those  of  a  plain  uniform  section,  such  as  that  of  a  bar  could  safely  bear. 

The  parts  of  an  engine  snhlBct  to  alternating  itresBes  are  iha  piston-rods, 
connecting-rods,  cross-heads,  columns,  pistons,  low-pressure  <7linder,  ita 
cover  and  bottom,  the  medium-pressure  cylinder,  dtc,  when  at  low  powers, 
paddle  shafts  and  screw  shafts  at  their  outer  ends  due  to  the  weight  of  pro- 
pellers and  the  reaction  of  floats,  or  blades,  especially  in  the  case  of  a  screw 
ship  when  racing  or  running  light  The  valve  motions,  the  air-pomp  levers, 
rods.  Sec,  are  subject  to  partially  altematdng  stresses. 

Table  xlviii.  gives  the  safe  limits  to  which  an  engineer  may  go  under  tiie 
various  conditions,  if  weight  is  of  prime  importance  in  designing  engines  for 
continuons  work.  If  weight  is  not  an  object  of  first  importance  a  reduction 
of  10  per  cent,  may  with  advantage  be  nude.     If  the  article  is  nicked,  snd- 
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denlv  cboDged  In  section,  or  has  a  screw  thread,  a  reduction  of  25  per  cent 
shoald  always  be  allowed.  In  the  case  of  alternating  stresses  the  equivalent 
force  one  way  only  is  taken,  for  calculation — viz.,  tension. 


TABLE  XLTIII. — Limits  op  Safe  Wobeinq  SrBBasES  on  Metals 
(Tension). 


At  RaTolutloiu  p«r  Mliiuls,  not  eiiieedlDg 

«a 

100 

m 

m 

«o 

MO 

Iron    OMtiugs,    good  J 
quality.  -       -       - 

Steady, 

(i.OOO 

4,920 

4.800 

4.700 

4,600 

4,600 

4,600 

4,420 

4,300 

4,150 

3,880 

3,600 

3,300 

3,280 

3.220 

3,110 

2,920 

2,700 

IroD  bus  and  pktoh 
good.      -        .        . 

Intermittent, 

14,000 
12.600 

13,850 
12.410 

13,800 
11.920 

13,100 

11,360 

12,600 
10,660 

12,000 
10,000 

Alternating, 

e,850 

9.720 

9.400 

8.850 

8.500 

7,050 

Steel  ban  and  platea, 
mild,      -       .       - 

Steady. 

18,500 

16,400 

16.100 

16.720 

16.320 

14.800 

Intennittent, 

14,860 

14,720 

14,200 

13.500 

12,750 

11,900 

Altemating, 

10,900 

10,800 

10,450 

10,000 

9,500 

8,900 

Iron  and   mild   .toel 
forging^        -       - 

Steady, 

IB,  000 

14,900 

14,660 

14.300 

13.900 

13,600 

Intermittent, 

13,E00 

13.400 

12,930 

12,300 

11.600 

10.800 

10,000 

9,910 

9,600 

9,200 

6,700 

8.200 

Steel    outings,    good 
ordinary, 

Steady, 

12,000 

11,950 

11,760 

11.630 

11,200 

10.800 

Intermittent, 

10,500 

10,400 

10,380 

8,600 

9,060 

8,600 

Alternating, 

8.000 

7,820 

7,700 

7.360 

6,950 

6,600 

Steel  high  earbon  (-46 
per  cent.)  forging*, ' 

Intermittent, 

17,000 

16,730 

16,210 

16.450 

14.650 

13,600 

Alternating, 

12,500 

12,400 

12,000 

11,650 

11,000 

10,300 

Niokel  steel   (31  per 

Intermittent, 

24.000 

23,760 

22,960 

21,850 

20,550 

19,000 

oent.)forgingB, 

Alternating, 

17,800 

17,660 

17,100 

16,400 

15,500 

14,600 

Nickel     st^C  mild, 

18,400 

19,220 

18,550 

17,700 

16.650 

16,500 

plates  and  bars, 

Alternating, 

14,200 

14,100 

13,650 

13.050 

12.360 

11.600 

Nickel  steel,  high  ten- 
sile,  pUtesaud  han, 
oil  tempered.  -        - 

28,000 

27,750 

26,850 

25,600 

24.100 

22,400 

Alternating, 

21,000 

20,800 

20,200 

18,400 

18,400 

17,260 

Steady, 

7.660 

7,600 

7,500 

7,350 

7.100 

6,800 

Intermittent, 

6,800 

6.750 

6,500 

8,210 

6.880 

6,450 

mixture,  caatings,  . 

Alternating. 

5,000 

4,970 

J,850 

4.640 

4.360 

4,000 

Phosphor  bronse  cast- ) 
ings  (wheel  brand). 

Steady, 
Intermittent, 

10,000 

0,000 

9.840 

8,840 

0,600 
8.800 

9.400 
8.300 

9,200 
7.960 

B.OOO 
7,600 

Alternating, 

fl.750 

6,650 

6,500 

6,300 

6.900 

5,400 

Phosphor  bronze  cast-  ) 
ta^  forged     and 

Intermittent, 

20.000 

19,720 

19,200 

18,300 

17,280 

16.000 

Alternating, 

15,000 

14,880 

14,600 

13.930 

13,300 

12.600 

Naval    brass,    roUed 

18,750 

16,650 

16.000 

16,200 

14.300 

13, -WO 

(hard),    -       -       . 

Alternating, 

13,800 

13,660 

13,160 

12,550 

11.850 

ll,10-( 

Do.,        do.,  annealed, 

Alternating, 

9,000 

8,840 

8,600 

8,300 

7.760 

7,^iW 

Stone's  msnganeae  t  ] 
aluminiom    bronze,  ( 

Delta,BuU'B&Aiah'8  [ 
metals,  cost.  -       - ) 

Steady, 

12,600 

12,450 

12.260 

12.000 

11.700 

11.250 

Intermittent, 

ll.OOO 

10,860 

10,430 

9,960 

9.400 

8,800 

Alternating, 

8,000 

7.020 

7.700 

7,360 

6,950 

6,600 

Do.,      do.,  wrought,   J 

Intermittent, 

20,000 

19,720 

19,200 

18,300 

17,280 

16,000 

Alternating, 

15,000 

14,880 

14,600 

13,930 

13,300 

12.600 

14,850 

14,720 

14,200 

13,600 

12.750 

11.900 

11,000 

10,860 

10,430 

9,960 

9.400 

8,800 

Cooi^le 


SI  4  HANUAL  of  HARINI  INGINKBRING. 

Sbstring  sod  TorriML — Certain  metals  have  a  very  high  power  ot  resist 
once  to  tension  and  oompreadon  without  the  like  power  to  resist  afaeAriog ; 
for  ez&mple,  naval  brasa  has  a  coefficient  of  shear  of  only  65-8  per  cent. — that 
in,  itti  strength  against  shearing  is  little  mora  than  half  what  it  possesses 
against  tension  ;  on  the  other  haJad,  cast  iron  has  a  coefficient  of  1 62  per  cenL, 
and  phosphor  bronie  castings  113  per  cent.  The  coefficient  of  wrought  st«el 
and  iron  is  80,  while  that  of  most  of  the  strong  cine  bronzes  is,  as  a  rule,  only 
about  that  of  naval  brass.  They  are  consequently  not  very  fit  for  sach  por^ 
poses  as  shafting,  where  shearing  forces  are  always  of  importance,  especially 
■o  in  the  case  of  tunnel  shafting. 

Tbe  Elutio  Limit  or  Tiela  Point — It  is  probable  that  every  material 
which  has  never  been  subject  to  direct  tension  will  have  some  d^ree  of  per- 
manent set  after  application  of  any  load  ;  it  will,  of  course,  be  very  small,  and 
generally  microscopic.  If,  however,  the  material  is  stressed  nearly  to  what 
ve  call  the  elastic  limit,  released,  aod  again  sobjected  to  sti«s8,  there  should 
be  no  further  permanent  set  till  thtkt  point  (the  elastic  limit)  is  reached. 

When  this  limit  is  found  there  is  reason  to  suppose  that  so  long  aa  no 
portion  of  the  material  is  subject  to  a  stress  in  excess  of  it,  the  material  should 
endure  for  ever.  Unfortunately  materials  do  give  way  from  what  is  called 
"fatigue"  without  apparently  having  been  subject  at  any  time  to  a  stress 
nearly  approaching  tne  supposed  elastic  limit.  It  follows,  then,  that  the  safe 
limit  of  stress  is  considerably  below  the  elastic  limit,  or  that  the  loads  on 
tome  portion  of  such  structures  as  have  collapsed,  are  much  greater  than 
generally  supposed.  It  is  highly  probable  that  the  latter  is  the  case,  and  to 
a  great  extent  the  cause  of  accident.  In  a  complex  structure  it  is  nearly 
im|io9sible  to  exactly  proportion  each  part  to  its  load,  and  absolutely  impos- 
sible to  spread  the  sustensionof  load  evenly  over  every  inch  of  area  cd  section. 
Moreover,  in  the  process  of  manufacture  initial  stresses  are  often  set  op  in 
many  places,  all  of  which  are  of  uncertain  magnitude  and  direction ;  to 
these  are  added  the  stresses  produced  by  working  load,  which  niay  not  be, 
and  probably  are  not,  distributed  in  accordance  with  theory.  It  is,  there- 
fore, far  from  improbable  that  a  structure  designed  wiui  a  Uieoretical 
margin  or  factor  of  safety  of  ample  magnitude  has  not  in  one  or  more 
places  material  stressed  dangerously  near  to  the  elastic  limit,  periiaps  some- 
times even  beyond  it. 

Safe  WofDDg  StnUM. — ^The  limits  given  in  Table  xlviii.  may  be  used 
when  the  maximum  stresses  ore  calculable  and  distributed  uniformly  over 
the  sections.  For  example,  a  weight  suspended  by  a  bar  having  an  eye  at 
each  end,  so  as  to  hang  freely,  will  cause  a  uniform  stress  on  the  transverse 
sections ;  if  instead  of  eyes  forged  with  the  rod  the  rod  was  screwed  and 
fitted  with  nuts  whose  fscee  are  rough  and  the  surfaces  on  whiiA  the  nuts 
sit  are  uneven,  the  stress  will  not  be  uniform,  and  may  be  much  greater 
on  one  side  than  the  other.  Again,  the  sections  of  a  round  or  square  bar 
loaded  and  subject  to  bending  either  as  a  beam  or  cantilever  are  not 
uniformly  stressed,  the  outer  layer,  or  that  furthest  from  the  neutral  axis, 
being  much  more  so  than  those  nearer  it;  but  at  the  same  time,  the  layer 
being  firmly  attached  to  Us  neighbour,  receives  support  from  it  in  a  different 
way  from  what  is  the  case  of  a  fagot  of  strips  free  to  slip  one  on  the  otiier 
OS  in  a  carriage  spring.  The  rules  for  estimating  are  bwed,  however,  prac- 
tically on  the  latter  supposition,  hence  what  would  seem  to  be  a  too  high 
stress  can  be  sofelr  borne  by  such  parts. 

In  Gm  cose  of  a  complex  article  like  a  crank-shaft  subject  to  oompli- 
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cated  loads,  it  ia  impossible  to  estioute  thu  maximum  intensity  of  stress  at 
any  and  every  part  of  a  section.  It  is  certain  that  at  very  few,  if  any, 
places  the  stress  is  uniform  over  the  whole  section  at  such  places ;  and  at 
some  the  intensity  of  stress  must  be  great  on  portions  of  the  sections. 
Moreover,  the  quality  of  the  material  is  not  uniform  throughout  such  a 
furging,  the  strength  across  the  dii^otion  of  flov  (rf  metal  being  less  than 
given  in  Table  xlviii.  Under  such  circtunstances  the  nominal  stress 
adopted  for  calculations  should  be  much  less  than  those  given  in  that  table. 
For  similar  parte  of  light  machinery  the  nominal  stress  may  be  taken  at  60 
per  cent,  of  those  given  in  Table  xlviii.,  and  for  those  of  ordinary  machinery 
36  to  40  per  cent.  In  practice,  therefore,  the  designer  must  carefully  con- 
sider each  case  by  itself,  with  all  its  conditions  and  snrroundings,  to  deter- 
mine the  nominal  stress  on  which  to  calculate  the  dimensions  M  the  parts 
which  must  sustain  the  load. 

Stretoh  under  Tension. — ^Bigidity  of  structure  is  often  of  prime  import- 
ance, and  generally  so  in  the  engine-framing,  guides,  &o.  All  materials 
stretch  more  or  less  nnder  stress,  and  the  lower  the  stress  the  less  is  the 
stretch;  consequently  it  is  often  found  necessair  to  make  details  of 
the  structure  larger  than  necessary  for  mere  strengtn,  in  order  to  avoid  the 
stretching  of  them,  which  would  be  inconsistent  with  rigidity  or  stiffness  of 
form.  It  is  generally  forgotten  that  up  to  7  or  8  tons  tension  per  square 
inch  cast  iron  stretches  more  tiian  steel  or  wrought  iron,  ana  that  the 
material  has  practically  no  elastic  limit,  for  it  has  no  permanent  set  up  to 
fracture. 

Again,  there  are  other  conditions  which  must  not  be  overlooked,  as,  for 
instance,  in  the  case  of  castings  as  distinguished  from  forgings  or  other 
wrought  forms  of  material,  llie  latter  are  practically  free  from  internal 
defects  when  machined  and  made  part  of  an  engine  ;  tue  castings,  however, 
may  be  solid,  but  are  often  not  so,  uid  must  not  be  assumed  to  be.  To  allow 
for  such  contingencies  a  reduction  c4  10  to  20  per  cent,  should  be  made  from 
Ihe  stress  given  by  sound  bars  in  the  testing  machine  as  the  elastic  limit  of 
castings.  The  figures  in  Table  xlvii.  for  casting  ore  based  on  this  allow- 
ance.  Again,  rough  forgings  often  have  incipient  flaws  arising  from  the 
indenting  of  the  hammer  in  forging,  and,  in  the  case  of  steel,  from  small  gas 
bubbles  and  scoria  near  the  surface  of  the  ingot,  and  sometimes  from  slag 
getting  forged  on  the  metal.  In  the  bright  working  parts  such  imperfections 
are  machined  away. 

Another  serious  consideration  in  determining  the  nominal  stress  for 
calculation  is  the  purpose  the  engine  has  to  serve.  Express  steamers,  such 
OS  passenger  and  mail  boats,  have  to  exert  80  to  90  per  cent  of  the  trial  or 
maximum  power  for  50  to  70  per  cent,  of  the  year ;  cross-channel  steamers 
(short  runs)  steam  about  25  to  35  per  cent,  of  the  year ;  while  excursion  and 
river  steamers  do  from  30  to  60  per  cent.  They  all  have  occasionally,  and 
are  always  liable  to  have,  to  run  at  full  power.  Every  part  of  the  machinery 
of  such  ships  should,  therefore,  be  much  lower  stressed  at  full  power  than  the 
corresptonding  parts  of  machinery  which  is  seldom  or  never  worked  to  the 
full  power  for  which  it  was  designed,  whose  full  speed  on  service  is  done  with 
only  75  per  cent,  of  such  power,  and  that  for  only  10  per  cent  of  each  year. 

Hie  speed  of  the  engine  also  affects  the  problem.  A  slow-working  paddle- 
engine,  with  few  reversals  of  motion  and  time  for  "  cushioning  "  and  other 
means  of  avoiding  shock,  does  not  jar  its  component  parts  as  does  a  high- 
speed one,  the  momentum  of  whose  moving  puis  materially  inflnences  the 
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stresses  on  them  And  their  connectionfl,  which  sbresses  are  most  snddraly 
applied  and  retnoTod  or  reversed  msny  more  times  in  a  minate,  ajid  which 
nuy  be  increased  by  water  in  tiie  cylinder  to  an  unknown  extent,  and 
from  want  of  tame  and  oUier  oansee  m&y  not  get  ti>e  cashionins  »t  the 
right  periods  to  do  good  and  ease  the  ooncossions.  Snoh  engines,  nowever, 
are  generally  reqtiired  to  run  at  full  speed  for  very  short  spells  and  those 
far  apart,  and  may,  therefore,  have  lighter  scantlings  than  wonld  be 
necessary  for  a  similar  engine  on  shore,  such  aa  an  electrio  light  or  power 
engine,  which  has  to  run  every  day  for  five  to  nine  hours,  or  even  more. 

Paddle  Englnet,  when  required  to  be  very  light,  may  be  designed  by 
referring  to  the  staresses  given  under  60  revolutions  and  modifying  on  ttte 
lines  laid  down  above.  When  weight  is  not  of  ao  much  importance  as 
endurance,  the  stresses  may  be  reduced  by  10  per  cent  all  round, 

Manl  EnglntB,  Ezpnu  Steamer  Engines,  and  Ordlnaiy  Cargo  Steamer 
Englnea  may  be  designed  by  taking  the  figures  under  200  revotationB  and 
allowing  10  per  cent,  reduction  all  round,  and  modifying  on  the  lines  laid 
down. 

For  HlgMpeed  Craft,  such  as  Torpedo  Onnboats,  Destroyers,  Third-class 
Croisers,  tm^  tiie  column  under  SOO  revolutions  wiUi  the  modificatitoks,  but 
without  the  all-round  10  per  cent,  reduction,  may  be  followed. 

For  Tnunp  Steamers,  whose  power  is  small,  so  that  tiie  engines  M9 
virtually  always  working  at  full  speed,  and  made  of  materials  untested  and 
generally  of  common  quality,  a  reduction  of  20  per  cent  from  column  100  or 
200  revolutions  is  advisable  when  calculating  the  various  parte  of  the 
engines  and  machinery. 

Boilers,  ftc,  form  the  most  important  part  of  the  machinery  from  the 
weight  point  of  view,  and  the  possible  saving  is  greater  than  from  any 
other  part,  as  has  been  seen  when  water  tube  boilers  have  been  Bubstitnted 
for  cylindrical,  and  earlier  when  steel  shell  plates  took  the  place  of  iron 
ones.  The  Admiralty  have  reduced  the  thickness  of  these  plates  till  little 
remains  possible  in  that  direction  with  ordinary  steel,  but  it  is  to  be  hoped 
that  the  Board  of  Trade,  Lloyd's,  and  other  authorities  will  shortly  follow 
suit.  It  is  also  equally  desirable  that  a  material  as  superior  to  the  present 
mild  steel  as  it  was  to  iron  will  soon  be  placed  on  the  market  for  the  use  of 
boilermakers.  It  is  possible,  however,  to  make  a  much  lighter  boiler 
withoat  running  any  risk  beyond  what  already  exists.  For  example,  the 
steel  bars  for  stays  are,  when  the  boilers  are  in  use,  subject  to  a  steady 
continuous  load,  gently  applied  and  released ;  they  are  tested  mechanically 
under  similar  conditions  to  a  stress  of  30  tons  per  square  inch ;  hut  when 
at  work  are  stressed  only  to  4  tons,  whereas  6  tons  would  not  be  excessive, 
especially  in  these  days  of  non-corrosion  in  the  inside  of  boilers.  With 
a  reduction  in  the  size  of  stays  a  saving  would  be  made  on  the  nuts,  Sic 
The  inner  plating  is  also  heavier  than  it  need  be  under  the  above  con* 
ditions.  The  heads  and  snaps  of  rivete  are  made  regardless  of  weight, 
and  the  &ct  that  most  of  the  rivete  are  subject  to  shear  only.  For 
cleaning  purposes  boilers  were  and  are  still  designed  with  room  in  various 
l)arts  sufScient  to  admit  a  man  and  permit  him  to  do  the  work.  This 
means  a  larger  boiler  and  much  more  water  than  is  necessary.  Now, 
with  salt  water  cut  off  and  practically  pnre  water  used,  there  cannot  be 
the  risk  of  scaling,  especially  in  short  voyages,  to  warrant  such  extrava- 
gance in  space.  Locomotives  use  hard  water  and  water  containing  much 
solid   matter,    but    no   such    provision    is    made   as  in  ordinary  marine 
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boilen  for  ezoavating  scale.  Of  course  where  there  is  &  strong  pro- 
bability of  salt  water  being  used  some  snch  provisioD  must  be  made,  but 
this  would  be  only  in  ships  where  weight  of  machinery  is  animportant 
and  long  voyages  tjie  rule. 

Coat — Althoagh  less  material  is  used  when  the  weight  of  an  engine  is 
cat  down,  the  value  of  that  saved  is  far  exceeded,  as  a  rnle,  by  the  coat  of 
labour  employed  in  effecting  the  reduotioD.  The  substitution  of  one 
material  for  another  with  the  object  of  saving  weight  invariably  means  a 
more  costly  one.  The  removal  of  surplus  materials  from  all  forgings,  and 
some  of  that  even  from  eastings,  is  a  costly  process,  although  the  modern 
machine  tool,  with  the  high-class  self-hardening  steels  now  in  use,  permit 
of  it  being  done  at  a  much  cheaper  rate  than  formerly  obtained.  Also,  it 
is  generaUy  found  that  the  reducing  to  a  minimum  of  the  sizes  of  flanges, 
facings,  Ac.,  entails  much  more  care  in  moulding,  marking  off  and  machining, 
with  the  consequent  greater  cost  of  labour  j  besides  which,  more  costly 
methods  of  doing  work  are  necessitated  by  the  want  of  room  in  carrying  it 
out.  Then,  too,  the  much  higher  number  of  revolutions  resorted  to  with 
the  object  of  reducing  weight  per  I.H.P.  requires  much  greater  care  in  the 
manufacture  and  adjustment  of  all  the  working  parts,  and  the  use  of  fittings 
and  appliances  which  were  done  without  before, 

A  compound  naval  engine  twenty-five  years  ago  cost  about  £12  per 
I.H.P.,  or  £76  per  ton.  Ten  years  later  triple  engines  of  large  size  were 
Mi  and  small  £8  per  I.H.P.,  and  still  about  £76  per  ton.  In  1890,  the 
cost  of  cruisers'  machinery  was  about  £7  per  I.H.P.  and  £90  per  ton. 
latterly  large  cruiser  machinery  with  Belleville  boilers  coats  about  £12 
per  I.H.P.  and  £130  per  ton. 

The  very  light  naval  engines  of  the  past  few  years  illustrate  what  can 
be  done  in  the  way  of  saving  weight  when  cost  is  of  secondary  considera- 
tion. At  the  same  time  it  will  be  seen  that  the  cost  per  I.H.P.  on  trial  at 
full  power  is  really  low,  and  even  if  the  lower  power  or  that  developed 
without  forcing  be  taken,  it  is  seen  that  these  engines  by  comparison  are 
by  no  means  costly.  For  example,  the  third-class  cruiser  engines  of  1891, 
with  cylindrical  boilers,  cost  £6-75  per  I.H.P.  full  power,  at  natural  draught 
it  was  only  £10,  or  £93  per  ton.  The  third-class  cruiser  of  1 897  has  water- 
tube  boilers  and  engines  costing  £6'6  per  I.H.P.  of  full  power,  or  £9  of 
natural  draught;  this  was,  however,  £118  per  ton.  The  destroyer  engines 
of  1895  cost  only  £6  per  LH.P.,  but  £200  per  ton  j  later  ones  cost  as  much 
as  £236  per  ton. 

Taking  similar  periods  for  the  mercantile  marine,  an  ordinary  compound 
engine  twenty-five  years  ago  cost  about  £7'6  per  I.H.P.,  or  £35  per  ton. 
Ten  years  later  the  triple  engine  was  costing  £6-6  per  I.H.P.,  or  £36  per 
ton.  In  1890,  when  prices  were  high  in  consequence  of  the  Navat  Defence 
Act  having  filled  moat  of  the  shipyards  and  engine  works  with  orders, 
engines  could  be  got  for  under  £6  per  I.H.P.,  but  still  £36  per  ton.  Ten 
years  later  the  engines  of  cross-channel  steamers,  whose  weight  would  be 
only  about  220  lbs.  per  I.H.P.,  could  be  purchased  at  £5-5  per  I.H.P.,  or 
£53  per  ton,  and  heavy  engines  at  about  £6-6  per  I.H.F.,  and  £35  per  ton. 

Comparing  the  oross-channel  boats'  machinery  with  that  of  the  1891 
third-class  cruiser,  it  will  be  seen  that  per  I.H.P.  they  cost  the  same  money, 
but  the  cruiser  engines  weigh  only  156  lbs.  against  the  220  of  the  merchant 
ship.  The  latter  costs  therefore  only  £53  per  ton  against  the  £93  of  the 
Naval  ship. 
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AnUailM    and  ^arUlUllMt.— Twanty-fire  je»n  ago   the    nuuina 

•ngine  wu  prftcticftlljr  Mlf-conUined ;  it  Iwd  aa  a  paraaite  ao  aoxiliai; 
f««d  donke;  pnmp,  and  in  larga  shipa  two  such  pumpa.  The  general  om 
of  water  ballast  later  on  neceuitated  another  and  a  larger  donkej  pamp, 
and  feed  beaten  were  foand  to  be  good  things ;  centrifagal  circmatiiig 

Eamps  alio  oame  to  be  geaerallj  nsed  in  laige  snips  about  the  same  time. 
D  the  Navj,  in  oonseqnence  of  Uie  high  revolutions,  it  was  found  better  to 
bave  independent  feed  pumps,  and,  later,  to  btke  from  the  main  engine  all 
pump*  except  the  air  pump.  This  practice  wag  soon  followed  in  t£e  loer- 
cuitUe  marine  with  fait  running  engines.  Then  fresh  water  for  making 
Dp  the  water  from  the  boilera  wss  deemed  neceasary,  and  eraporatora  or 
distillers  were  ased.  Starting  and  turning  engines  were  known  then,  bnt 
hare  been  used  rery  generally  since ;  they  are  now  regular  fittings  in  ships 
of  all  size*.  Feed-water  filtera  are  common  where  ships  are  engaged  in 
long  voyages  and  use  oil  in  the  oylindert.  All  these  things  add  to  the 
weight  of  the  machinery  without  oontributing  anything  directly  to  the 
I.H.P.  used  as  divisor.  The  I.H.P.  developed  in  ^e  auxiliary  machinery 
of  a  warship  is  now  enormous,  and  can  be  gauged  by  referring  to  Table 
xxxiv.  In  a  targe  merchant  steamer,  especiidty  long  voyage  express  ones, 
the  auxiliaries  add  very  much  to  the  weight  and  steam  consumption. 

Spare  Gear  also  adds  to  the  weight,  and  is  more  in  extent  to-day  than 
was  formerly  the  case  in  the  mercantile  marine ;  but  less  in  the  Navy, 
where  in  old  days  nearly  half  an  engine  was  carried  (v.  Appendix  C). 

PneL — The  oongumption  of  fuel  is  another  most  important  factor  in  all 
oonaiderationa  of  weight;  especially  is  this  the  case  where,  as  in  the  North 
Atlantic,  the  distance  between  coaling  stations  is  long.  It  is  no  use  paring 
down  the  weight  of  the  machinery  if  by  so  doing  the  fuel  consumed  per 
I.H.P.  is  increased.  The  great  cry  of  the  opponents  of  the  water-tube 
boiler  is  that  the  increased  consumption  of  fuel  oatbalanoee  the  saving  in 
weight,  so  that,  for  a  given  voyage,  the  total  weight  of  machinery  and  fuel 
tosetber  is  greater  with  a  water-tube  boiler  inatallation  than  with  a 
cylindrical  one  with  Howden'a  or  Ellis'  forced  draught.  Twenty-five  years 
ago  2-S  tba.  per  I.H.P.  was  the  general  rate  of  oonsumption  of  good  coal ; 
a  little  later  it  was  at  low  as  2  lbs.  with  the  very  large  three-crank  com- 
pound engines.  The  triple  engine  in  its  early  days  oonsunied  1-7  in  a 
general  way,  and  1'5  under  best  conditions.  Now  the  best  engines  with 
forced  draught  and  hot  air,  feed  heaters,  &o.,  consume  1'25  lbs.,  ana  ordinary 
good  triples  and  quadruples  1  '4  to  I  '6  lbs.  of  good  mercantile  coal. 

In  the  Navy  the  consumption  of  ooal  (including  anxiliariea)  was  with 
triple-corn  pound  engines  and  the  cylindrical  boiler  18  lbs.  of  Welsh  coal 
when  running  full  speed.  To-day  it  is  from  1-8  to  2*2  lbs.  with  the  waters 
tube  boilers  under  sea  conditions.  If  the  I.H.F.  of  the  auxiliaries  were 
included  the  rate  would,  of  course,  be  somewhat  lower  in  both  oases. 

Balatloa  of  Wel^t  to  Tonnage. — Taking  the  same  period  as  before,  it  is 
interesting  to  note  that  in  Atlantic  mail  steamers  the  machinery  was  13 
per  cent,  of  the  displacement,  and  the  I.H.P.  at  the  rate  of  I'l  per  ton  of 
gross  register.  In  small  passenger  steamers  it  was  about  13  per  cent,  and 
1-35  per  gross  register  ton. 

Ten  years  Inter  the  speed  of  ocean  steamera  had  increased  by  20  per 
cent.  The  weight  of  the  machinery  was  still  about  13  per  cent,  of  the 
displacement,  but  the  I.H.P.  was  1-8  per  gross  register  ton. 

The  increase  of  speed  with  the  smaller  steamers  was  2S  per  cent.,  the 
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weight  of  machinery  16  to  19  p«r  cent,  of  th«  displacement,  and  the  LH.P. 
1*5  to  1'7  per  grou  register  ton. 

In  1895  the  Atlantic  expreas  steamer  had  a  spAed  of  21  knots  obtsined 
vith  machinery  vhoie  weight  was  30  per  cent,  of  the  displacement,  and 
whose  I.H.P.  was  at  the  rate  of  1'9  per  gross  r^^ter  ton.  Twin  screw 
cargo  and  passenger  boats  with  a  speed  of  16  knots  of  this  period  bad  a 
weight  of  machinery  of  only  7'3  per  cent,  of  displacement  and  ieaa  than  1 
I.H.F.  per  gross  register  ton,  while  in  similar  bents  of  13  knots  speed  the 
proportions  were  5  per  cent,  and  0-5  I.H.P. 

Fast  Channel  screw  steamers  of  17j  knots  were  at  the  same  time  on 
service  with  machinery  weighing  27  per  oent^  of  the  displacement,  sod 
indicating  3  to  5  H.P.  per  gross  register  ton. 

Today  23-6  knots  is  attained  by  the  fastest  express  Atlantic  steamers 
by  means  of  machinery  requiring  23  per  cent,  of  the  displacement  to  carry 
it,  and  developing  2-3  I.H.P.  per  gross  register  ton. 

A  speed  of  25  knots  is  now  aimed  at  by  the  Cunard  Company  to 
compete  with  the  magnificent  Oerman  steamers  at  present  taking  the 
lead  in  the'  Atlantic. 

In  the  Navy  a  quarter  of  a  century  ago  a  speed  of  186  knots  was 
attaJDod  on  trial  trip  by  machinery  whose  weight  was  27  per  cent,  of  the 
first-class  cruiser's  displacement.  Ten  years  later  the  same  speed  was 
attained  with  triple -com  pound  engines  only  15'6  per  cent,  of  the  displace- 
ment in  weight.  To-day  17-7  per  cent,  is  allotted  for  a  speed  of  24  knots ; 
in  second-class  cruisers  16  per  cent.,  and  in  third-class  cruisers  16-8  per 
cent  for  speeds  of  20  to  21  knots.  The  destroyers'  machinery  for  30  knots 
has  a  weight  equal  to  46  per  cent,  of  the  displacement. 

Th«  Eqtress  Ocean  Steamer  to-day  is  of  enormous  size,  even  larger  than 
the  "Great  Eastern,"  which,  until  quite  recent  times,  was  deemed  to  have 
been  a  huge  mistake  on  account  of  her  size.  The  speed  of  tbe  "  Great 
Eastern "  was,  however,  very  small  compared  with  that  obtained  by  the 
magnificent  steamers  recently  placed  on  the  Atlantic  service  by  German 
enterprise,  and  which  attain  at  aea  an  average  speed  of  over  23  knots 
with  a  consumption  of  coal  not  exceeding  1*3  Iba.  per  I.H.P.  By  referring 
to  fig.  11,  it  will  be  seen  that  the  designers  of  tbe  macbinery  of  tbe 
"Kaiser  Wilhelm  11."  have  not  been  unmindful  of  tbe  weight  tbat  was  to 
be  saved  by  careful  design  of  the  fixed  parts,  such  as  the  columns  and 
foundations,  and  it  is  no  doubt  due  to  this  that  these  engines  can  develop 
7  H.F.  per  ton  of  total  weight  of  machinery  in  spite  of  the  high  boiler 
pressure  of  220  lbs.  To  similar  canses  may  be  traced  the  fact  that  the 
French  designers  of  "  La  Savoie  "  could  obtain  9  H.P.  per  ton. 

The  Cape,  Aartralian,  and  the  East  Service  is  now  generally  performed 
by  steamers  of  somewhat  smaller  aize  tban  those  on  the  Atlantic,  and 
whose  trial  trip  speed  is  about  18  knots. 

In  CroBS-ohannel  Express  Serricea  we  find  some  of  the  most  interesting 
examples  of  Kaval  architecture  and  marine  engineering,  most  of  which 
show  that  by  following  on  the  lines  of  Naval  design,  but  not  going  to  its 
full  extent,  very  high  speeds  are  safely  and  satisfactorily  obtained.  Messrs. 
Laird  Bros,  have  shown  tbat  even  a  speed  of  23^  knots  can  be  maintained 
on  service  with  such  machinery  in  a  ship  of  only  2700  tons  displacement. 
To-day  thb  class  of  steamer  is  to  be  found  on  the  North  Sea,  English 
Channel,  and  Irish  Channel,  doing  daily  and  nightly  service  at  speeds 
varying  from   17  to  20  knots,  with  displacements  ranging  from    1250  to 
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2600  torn,  hj  bftring  engines  indio&tinK  9  to  10  H.F.  p«r  ton  of  total 
weight  of  machinery,  and  vhoM  fuel  oontnmptioD  is  only  1|  to  1^  Ibo. 
per  LH.P. 

For  StaftUow  Wttcr  Ports  tnd  Klver  Senloe  the  paddle  engine  h*a  con- 
tinned  to  bold  ita  own  (although  twin  screws  oonld  be  nsed  in  moat 
instances)  by  their  oonstmctors  so  designing  the  engines  that  8  to  9  H.F. 
is  now  developed  per  ton  of  total  weight,  as  against  the  6  to  7  H.P.  of  the 
li(;ht  paddle  engines  of  thirty  yeara  ago,  wiUi  a  fuel  economy  that  will 
compare  favonrahly  with  that  of  screw  engines. 

The  following  table  given  the  conditions  now  rating  which  affect  the 
qaestion  of  weight,  as  well  as  the  weight  of  the  Tarions  engines  now  in  use 
OD  shipboard  i— 
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OHAPTEE  XXIV, 

WEiaar — imebtia  abd  mokkhtum — balincino. 

UiTBEaTO  in  thi>  book  littltt  or  no  considerfttiou  has  been  given  to  the 
effect  of  the  weight  of  uiy  puts  of  the  engine,  althongh  that  of  each  one 
has  some  on  itself  and  on  its  immediate  Burroandiags,  thongh  generaU; 
it  may  be  verj  triSing.  The  effect  of  the  weight  of  some  of  the  parts, 
however,  is  perceptible  tbroaghont  Ute  whole  engine,  and  sometimes  even 
makes  its  presence  known  Avjm  stem  to  stem  of  the  ship.  In  the  case  of 
the  propellers,  both  screw  and  paddle,  their  weight  has  beea  taken  account 
of  in  estimating  the  stresses  on  their  shafts  and  the  pressure  on  the 
bearings  supporting  them;  also  the  weight  of  the  shafis  themselrea  is 
not  overlooked  in  considering  the  dimensions  of  their  jonmals,  bearings, 
to.  But  in  calculating  the  sizes  of  shafls  aad  propellers  no  reference  has 
been  made  to  the  fact  that  their  weight  does  to  some  extent  modify  the 
stresses  borne  by  their  parts.  As  a  rule,  however,  the  effect  of  mere 
weight  is  so  very  small  compared  with  that  due  to  the  steam  pressure  on 
the  pistons,  cylinder  oovers,  lie,  that  in  ordinary  engines  it  is  and  may 
be  generally  neglected.  But  the  great  increase  in  rate  of  revolutions  jn 
modern  engines,  and  the  demand  for  greater  perfection  in  working,  as 
well   as  the  absolute   necessity  for  it  in  many  cases,  have  drawn  more 

E articular  attention  to  the  subject ;  some  most  interesting  investieations 
ave  been  made  by  scientists,  and  from  time  to  time  methods  devised 
whereby  the  ill  effects  doe  to  the  inertia  of  the  moving  parts  of  an  engine 
may  be  modified  or  removed  altogether,  so  that  it  may  be  run  at  any 
speed  without  distress  of  any  kind  to  itself  or  surrouadiogs,  and  with 
perfect  freedom  from  vibration. 

Fixed  Parts — that  is,  those  parts  the  centre  of  gravity  of  which  have 
no  motion  but  that  due  to  the  motion  of  the  ship — may  first  be  taken  into 
consideration.  The  effect  of  their  weight  is  simply  that  due  to  gravity, 
and  acta  always  vertically.  For  example,  the  cylinder  snd  its  appur- 
tenances of  a  vertical  engine  rest  on  the  columns,  and  by  their  weight 
increase  the  load  on  the  columns;  on  the  other  hand,  tlie  stress  on  the 
bolts  connecting  them  to  the  columns  is  decreased  by  it  When,  however, 
the  ship  is  in  motion  they  have  momentum,  so  that  in  case  of  a  sudden 
stoppage  by  grounding  or  collision  the  tendency  would  be  for  them  to 
move  forward  and  shear  the  bolts,  &o.,  and  to  bend  tlie  columns  as  well  as 
strain  the  column  bases  and  oonnections  to  the  ship.  The  tendency  is 
also  of  the  same  nature  when  the  ship  rolls  heavily,  but  in  this  case 
motion  is  transverse  to  the  forward  movement.  It  is  usual  and  advisable 
in  all  vertical  engines,  especially  in  tall  ones,  to  provide  for  these  con- 
tingencies by  fitting  ties  of  a  more  or  less  flexible  nature  from  the  oylinden 
to  a  suitable  part  of  the  ship.  In  a  minor  degree  the  same  remarks  are 
applicable  to  the  columns,  especially  if  of  cast  iron  and  heavy,  but  being 
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lower  down  and  sharing  in  the  eztemai  aapport  given  to  the  cylinders  bj 
the  ties,  there  is  do  need  to  do  more  than  brace  them  together,  as  ia 
generally  done  when  the  columns  are  of  wrought  iron  or  steeL 

By  the  above  definition  the  shafting  is  a  "fixed  part,"  whose  weight  sets 
op  in  itself  bending  moments  as  well  as  shearing  forces  which  may  be 
sufficiently  large  to  take  into  account  with  the  twisting  moment  if  the 
boariugB  are  far  apart.  A  rotating  shaft  has  also  critical  speeds  of 
whipping,  at  which  the  centrifugal  forces  become  unbalanced;  and  although 
in  the  case  of  marine  shafts  dangerous  stresses  may  not  necessarily  be  set 
ap,  the  result  is  a  considerable  amount  of  vibration  and  racking  on  the 
bearings.  As  a  rule,  greater  stability  is  secured  at  speeds  above  the 
critical  speed,  but  in  marine  practice  it  is  perhaps  best,  if  possible,  to 
arrange  for  the  critical  speed  to  be  above  the  maximum  engine  speed.* 

HoTing  Farts. — The  effect  of  weight  in  these,  however,  demands  the  chief 
attention,  and  in  quick  running  engines  the  greatest  attention  of  the  designer, 
not  BO  much,  as  will  be  seen,  for  its  static  as  for  its  kinetic  effect.  Some  of 
these  have  simple  rectilineal  motion,  others  have  circular  motion,  while  a 
tew  have  a  combination  of  both,  and  move  in  an  elliptic  orbit;  others,  again, 
reciprocate  on  curved  lines.  The  static  effect  of  the  weight  of  the  piston, 
piston-rod,  crosshead,  and  connecting -rod,  ia  to  increase  the  load  on  the  piston 
on  the  downstroke  and  decrease  it  on  the  upstroke,  in  both  cases  uniformly. 
The  effect  of  the  weight  of  the  crank-arms  and  pin  (if  unbalanced)  is  also  to 
increase  the  down  and  decrease  the  up  load,  but  not  uniformly  in  this  case. 
The  effect  of  the  former  ia  generally  measured  by  dividing  the  weight  in 
pounds  by  the  area  of  the  piston  in  square  inches,  and  adding  the  result  to 
the  effective  mean  pressures  of  the  steam  on  the  top  of  the  piston  and 
deducting  it  from  that  on  the  bottom.  This  ia  shown  graphically  by  drawing 
^he  diagram  of  effective  pressures  of  tbe  top  above  a  reference  line  and  that 
of  the  bottom  below  it:  a  new  reference  line  is  now  drawn  below  tbe  original 
at  a  distance  representing  the  pounds  thus  ascertained  and  the  ordinates 
measured  from  it  used  to  determine  the  load  on  rods,  &c.,  and  the  twisting 
moments  on  the  orank-sbaft. 

Fig.  197  ia  the  indicator  diaeraua  from  the  high-pressure  cylinder  of 
a  triploHMmponud  engine  31  inches  diameter;  the  weight  of  the  piston, 
piston-rods,  connecting-rods,  Ac.,  is  5726  Iba. ;  dividing  this  by  755  the 
area  of  the  piston  in  sqnare  inches,  the  constant  downward  pressure  due 

■Tba  ug  or  deSectlon  of  >  a)i»n«boi«  linitlk  between  mpporta  ti  L  IMt,  Iti  wslght  per  toot  of 
Invthwpooid*,  and  lu  ndliu  r  feet,  U 

1  =  -Oiee  X  ^(j.y,  K  being  the  modoliu  Of  elutloltj,  fW  x  lO*  Ibe.  per  iqura  foot. 
And,  It  H  be  the  critlod  ipeed  ot  whipping, 

S  =  v  ~i~  '"^  '''*''  wnwrtel  on  beuinga. 

mpported  on  iMtrlngs  St  fMt  ftpul ;  to  End  tbt  ng 
1  =  Tnoo  X  — 77= — ra — =  'Ol!!  foot,  «nd  *'=V  ~j— =V  sTm  "**'*  «™inlloiis pormiDnte. 
If  the  aheft  be  ivgarded  uj4zal  In  Che  bcarlngi, 

n  =  1-2S  tlmea  the  abore  Tilna  (1  being  taken  foriupported  Bhaft  aa  before); 
that  li,  fo  tbe  nuipl*,  If  k  ns  rerdatloDi  per  minute. 


"hyMicalSo 


Tbe  idnncod 
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to  the  weight  is  eqaitl  to  7*6  lbs.  per  aqnaxe  inoh.  The  fignre  in  pUin 
Hdcb  ia  that  tftken  from  the  top,  that  in  the  dottvd  lines  from  the  bottom 
of  the  cylinder.  AB  is  taken  aa  «  bu«  line  to  divide  into  any  nnmber 
of  parts  at  pointa  bb',  Ac.,  through  which  ordinatea  6  s,  b'e',  &c,  dulj  be 


Effective 

including  those   due 


drawn,  and  of  which  as,  a'«',  Ac.,  represent  the  effective  preasnre  on  the 
top  of  the  piston  when  in  those  positions  on  tlie  dowtutrokes,  and  ed, 
e'  d,  Aa,  the  effective  presaures  on  the  anderside  of  the  upstroke. 
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Now  take  CD  as  a  base  line  (fig.  198)  of  the  same  length  as  AB;  divide 
in  th«  same  way  and  draw  a  diagram  by  taking  ordinates  through  the 
points  and  cutting  oS  ae,a' e',&c.,  naiae  length  as  ae,  a'e',  ^.,  in  fig.  197, 
Ac  On  the  lower  side  ootutruct  in  a  similar  way  the  figure  Ptf  <fO  from 
the  dotted  diagram,  fig.  196. 

Now  take  a  point  E  below  0,  so  that  C  B  represents  on  the  same  scale 
as  the  diagrams  the  pressure  per  square  inch  on  the  piston  equivalent 
to  the  weight  of  the  piston,  be,  and  draw  EF  parallel  to  CO.  Then  any 
ordinates  on  EF,  intercepted  by  Qee'P,  &c.,  represent  the  true  effective 
pressure  on  the  downstroke,  and  similarly  any  ordinates  from  E  F  down- 
WHrd,  intercepted  by  Fd^g  represent  the  true  effective  pressure  on  the 
upstroke  at  those  points.  The  maximum  ordinate  on  the  lower  side 
indicat«s  the  tension  on  the  connecting-rod  and  pistoQ-rod  bolts  for 
purposes  of  calculation,  and  the  maximum  ordinate  on  the  top  side  of  EF, 
the  load  on  the  connecting-rod,  Ac,  for  the  same  purpose;  the  actual  load 
and  tension  being  obtained,  of  oourse,  by  multiplying  the  number  of 
pounds  which  these  ordinates  represent  by  the  number  of  square  inches 
of  piston  area.  The  curve  of  twisting  moments  of  a  vertical  engine 
should  also  be  obtained  by  using  these  ordinates. 

A  further  modification  may  be  made  in  the  case  of  engines  having 
the  air  and  circulating  pumps  worked  by  means  of  levers,  as  then  the 
weight  of  the  moving  parts  of  the  pumps  and  their  loads  tend  to  balance 
the  weight  of  the  piston.  Balance  weights  on  the  cranks  opposite  the 
arms  have  also  been  fitted  with  the  object  of  balancing  the  weighta  of 
pistons,  Ac,  and  have  also  very  properly  been  fitted  with  the  sole  object 
of  balancing  the  crank  weight  only. 

The  weight  of  the  slide  valves  sad  valve  motions  also  modify  in  a 
similar  way  the  stresses  on  their  parts  but  in  a  minor  degree. 

In  horizontal  engines  the  pistons,  rods,  be,  do  not  by  gravity  affect 
the  load  on  the  pistons,  but  the  weight  of  the  crank-arms  and  part  of  tfao 
weight  of  the  connecting-rod  doaffect  the  turning  moment,  but  in  a  different 
way  from  that  of  a  vertical  engine.  In  their  case  the  forward  effort  of 
the  piston  was  resisted  by  the  weight  of  crank,  be,  till  a  little  past  the 
half-stroke  and  assisted  from  that  position  to  the  end  of  the  stroke;  on  ths 
back-Btroke  the  assistance  continued  tilt  nearly  half-stroke  when  it  ceased, 
and  resistance  set  up  and  increased  to  the  end.  Uere  balance  weights 
could  be,  and  were,  used  to  advantage,  so  that  most  of  the  horizontal 
engines  had  them,  while  a  vertical  engine  was  rarely  seen  with  these 
appendages. 

HomenttUiL — After  alt  is  said,  the  effect  of  mere  weight  or  gravity  on 
the  parts  of  an  engine  is  very  limited  ami  never  serious — in  fact,  may 
generally  be  neglected  as  has  been  shown.  Bat  the  forces  set  up  by  heavy 
moving  parte  when  in  motion — especially  in  rapid  motion — are  quite 
different  both  in  magnitude  and  effect.  To  overcome  the  inertia  of  a 
heavy  body  and  start  it  into  motion  a  considerable  force  is  required ; 
to  accelerate  the  motion  still  more  foroe  ia  required.  Such  a  body, 
then,  when  in  rapid  motion  has  much  energy  stored  in  it,  all  of  which 
must  be  abstracted  in  order  to  bring  it  to  rest;  if  the  process  of 
bringing  to  rest  is  accomplished  quickly  the  force  developed  will  be 
large  and  produce  disastrous  results,  unless  special  provision  is  made  for 
otherwise  using  it  up  This  force  varies  with  the  mass  of  the  body  and 
its  acceleration;  hence  in  a  quick-running  engine  the  inertia  forces  set  up 
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in  the  moTing  parta  u-e  much  mora  serioiiB  mattera  thui  in  a  slow-moving 
enffine,  not  only  on  aocoant  of  the  Btrouea  set  up  in  the  parti  themaelTw 
and  in  thou  adjaoent  to  them,  but  becauae  of  the  vibratory  effects  on  the 
■tractore  of  the  engine  generally,  aa  also  on  the  atructare  on  which  it 
is  carried.  Inertia  forces  can  be  modified  by  reducing  the  weight  of  a 
moving  part,  bnt  the  velocity  is  practically  fixed,  being  that  required  for 
the  fuU  working  of  the  engine.  Very  little  scope  is  permitted,  therefor^ 
to  the  designer  to  modify  the  motion  of  any  one  port. 

Dealing  first  with  those  parts  which  have  simple  lineal  motion,  such  as 
the  piston,  piston-rod,  and  crosshead,  the  valves  and  valve-rods,  io,,  the 
general  effect  can  be  appreciated  by  tracing  each  phase  of  movement.  For 
example,  at  the  oommenoement  of  the  stroke  when  steam  is  admitted  to 
the  cylinder,  it  exerts  a  pressure  on  the  piston  and  cover  alike,  hence  the 
thrast  on  the  piston  (and  from  it  to  the  bearings)  and  the  resistance  of  the 
engine  framing  are  eqnal  but  opposite  in  direction,  and,  conaeqnently, 
exactly  balance  one  aaother  since  there  is  no  motion.  There  is,  therefore, 
no  load  on  the  parte  external  to  the  engine.  To  produce  motion,  the  inertia 
of  the  piston,  ic,  bas  to  be  overcome ;  if  this  is  done  by  the  pressure  of  the 
steam,  the  whole  force  of  the  steam  on  the  piston  is  not  transmitted  through 
the  rods  to  the  crank,  for  a  considerable  portion  of  it  is  used  up  in  moving 
the  piston,  Ac,*  and  is  thus  stored  in  the  piston  and  its  parts  as  energy;  the 
load  on  the  cover  being,  therefore,  greater  than  the  part  transmitted,  it 
tends  to  make  the  engine  move  in  the  reverse  direction  to  that  of  the 
pistons.  Further,  the  movement  of  the  pistons  is  accelerated  in  its  coarse 
by  accessions  of  force  till  about  the  half-stroke  ;  hence  daring  all  this  time 
the  engine  is  tending  to  move ;  in  fact,  if  it  is  a  vertical  engine  and  the 
piston  IS  on  the  downstroke,  it  will  jump  from  ite  bed  unless  its  weight  is 
greater  than  the  accelerating  force,  and  if  there  are  no  holding  bolts  re- 
straining it.  During  the  latter  part  of  the  stroke  the  momentum  of  the 
piston,  £a,  tends  to  keep  it  in  motion,  and  consequently  a  downward  thrust 
on  the  rods  is  created  in  excess  of  the  load  on  it  and  the  cover,  so  that  the 
engine  now  would  move  the  other  way,  unless  restricted  by  the  bed  on 
which  it  rests.  The  same  phenomena  occur  in  horizontal  engines,  and  are 
of  the  utmost  consequence  in  the  locomotive  engine ;  it  was,  in,  fact,  with 
this  class  of  engine  that  the  effects  of  inertia  forces  were  first  impressed  on 
engineers  by  the  disaatrons  results  with  some  outside  cylinder  horixoalal 
engines  when  attempts  were  made  to  drive  them  at  higher  speeds.  For 
tunately  the  practical  minds  of  those  da^s  soon  found  a  remedy — one  that, 
from  its  simplicity  and  efficiency,  is  atill  used  in  locomotive  engines,  in 
spite  of  what  science  bas  done  to  reveal  ite  faults, 

The  general  effect  of  the  variation  of  momentum  of  the  piston,  Ac, 
is  to  reduce  the  load  on  the  crank  pin  at  the  early  part  of  tlie  stroke,  and 
to  increase  it  at  the  latter,  with  the  reactive  tendency  to  move  the  whole 
engine  up  and  down  alternately ;  in  other  words,  to  reduce  the  ratio  of 
maximum  to  mean  load,  and  cause  vibration  on  the  bed  supporting  the 

*  In  fast-running  engines,  auoh  as  are  used  for  generating  electrioity  (in  which  the 
revolutiooi  are  oooftant  white  the  load  varies),  the  inertia  of  the  piatonB  and  rods  is  lo 
great  that  on  light  loads  the  mere  tteam  prenTire  on  them  would  not  overcome  it; 
in  fact,  the  piston  of  one  engine  is  started  and  accelerated  by  the  power  transmitted 
from  the  others  or  from  the  flywheel,  even  when  the  toad  is  oonsiderabla,  hence  it  is 
moat  important  that  auoh  enginea  should  have  good  "atem-gaiiiE"  pi«ton-Tod  guides. 
If  an  engine  in  moved  by  external  means,  suoh  as  a  belt  from  another  engine,  the  effect 
of  inertia  of  the  moving  parts  is  exactly  the  same  as  if  it  were  working  under  steam. 
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engine;  u  also  to  reduce  the  mudmum  itressea  on  the  rods  and  their 
bolto.  The  vibration  set  np  in  the  engine  bed  is,  of  4x>urse,  communicated 
to  the  Bhip. 

The  general  effect  on  the  crank  of  the  variatioD  of  momentam  of  the 
piaton-roda,  Ac,  will  be  dealt  with  later  on,  but  in  the  meanwhile  can 
be  shown  graphically  by  calcnlating  the  accelerating  forces  applied  to 
the  piston  at  a  series  of  pioints  at  and  from  the  commenoement  of  the 
stroke,  and  takinj;  aa  ordinate!  the  eqniTalent  pressures  per  square  inch 
on  the  piston  ;  HJE  (fig.  196)  la  such  a  curve  obtained  by  making  EH 
represent  the  pressure  on  the  piston  required  to  overcome  its  inertia,  and 
so  also  with  the  other  ordinates.  I^  now,  a  new  base  line,  LM,  fig.  199, 
is  taken  and  a  onrve,  Ks'SP,  drawn  by  taking  as  ordiuatea  the  distances 
intercepted  by  the  curves  H  JK  and  Qea"P,  a  true  representation  of  the 
variation  in  real  posh  and  poll  of  the  roda  is  shown.  The  ordinatea 
measure  the  combined  effect  of  steam  pressure  on  the  piston,  gravity,  and 
inertia  of  moving  P&r^  ^*  cushioning  is  shown  by  the  shaded  portions 
at  each  end,  8  Id  P  and  R  N  L.  In  this  case  it  may  be  mentioned  that 
the  diagram,  fig.  197,  is  that  of  a  three-crank  triple-compound  engine  with 
the  high-pressure  crank  leading,  and  to  show  the  difference  in  effect  when 
the  medium -pressure  crank  leads  the  high  pressure,  the  dot  and  dash 
line  (fig.  199)  is  the  curve  of  equivalent  loads  for  a  similar  engine  under 
that  condition. 

The  general  result  of  the  movement  of  the  slide  valves,  link  motions, 
bo.,  is  similar,  and  although  their  weight  is  less  than  that  of  the  piston, 
Ac,  and  their  motion  much  more  rostricted,  their  varying  momentum  can 
set  np  a  manifest  vibration  in  a  qoiok-running  engine. 

The  connecting-rod  has  a  complex  motion,  inasmuch  as  one  end  moves 
in  a  straight  line  while  the  other  moves  in  a  circle ;  its  oentre  of  gravity 
consequently  moves  in  an  ellipse  whose  major  axis  is  equal  to  the  stroke  of 
the  piston.  Its  motion,  therefore,  may  be  viewed  as  partly  linear  with  the 
piston-rod,  &o.,  and  partly  circular  with  the  crank.  But  when  in  motion 
it  also  oscillates  like  a  pendulum,  so  that  its  effect  on  the  crcsshead  wilt 
be  the  same  as  that  of  a  pendulum  on  its  point  of  support ;  hence  it  will 
set  up  a  horizontal  force  there  in  addition  to  the  downward  one  due  to 
gravity.  The  force  will  vary  with  the  mass  and  the  horizontal  acceleration ; 
it  will  set  up  a  horizontal  vibration  in  the  engine  and  increase  the  stresses 
on  the  rod  due  to  cross  bending;  henoe  in  very  fast-running  engines  the 
connecting-rod  should  be  made  as  light  as  possible  consistent  with  strength. 
A  short  rod  is,  of  coarse,  lighter  than  a  longer  one,  but  it  gives  a  greater 
thrust,  due  to  steam  pressure,  and,  conaequeutly,  tends  to  increase  vibration 
transversely. 

The  crank,  including  arma  and  pin,  moves  in  a  circle,  and  conae- 
quently  centrifugal  fercee  are  set  up  which  tend  to  press  the  shaft 
against  the  journals  in  the  radial  direction  of  the  crank  pin  for  the  time 
being.  The  weight  of  the  crank  pin  brasses  and  that  part  of  the  connecting- 
rod  surrounding  them  moves  in  a  circle,  and  causes  further  centrifugal 
forces  to  act  on  the  crank-shaft.  These  parts  by  their  momentum  also  set 
np  tangential  forces,  which,  with  the  resisting  force  at  the  bearings,  form 
a  couple  tending  to  keep  the  shaft  in  motion  ;  but  as  the  direction  dianges, 
so  the  reacting  force  changes  in  direction,  and  this  also  tends  to  rack  the 
bearings  and  foundation,  as  well  as  to  set  up  vibration. 

Bauncing. — From  the  above  causes  a  reciprocating  engine  of  any  kind 
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vhen  in  motioa  seta  up  vibrftting  forces  which  are  onlv  extinguished  b^ 
doing  work  of  some  kind,  moatly,  however,  of  *  mischieTous  chkrActer, 
Even  the  slow-running  paddle  engine  developed  the  vioe,  which,  when  the 
engine  is  nearly  horizontal  and  has  a  single  cylinder,  as  in  certain  01yds 
steamers,  is  very  perceptible  fore  and  aft  ways.  When  the  .engine  was 
directly  oonpled  to  the  screw  shafting,  and  its  reroktiona  consequently 
three  or  four  times  that  of  the  older  engines,  vibration  and  its  effects  were 
soon  noticed,  and  although  some  general  idea  of  the  canses  was  grasped,  and 
attempts  were  made  to  grapple  with  the  evil  by  fitting  balance  weights 
opposite  the  oranka  or  in  the  turning  wheel  at  the  end  of  the  cnuik  shaft, 
no  tme  insight  seems  to  have  been  gained ;  consequently,  for  more  than 
half  a  century  engineers  generally  were  content  to  pat  down  the  vibration 
of  screw  steamers  as  due  to  the  propeller,  and  to  admit  that  the  paddle 
wheel  WM  in  that  respect  the  superior  one  for  passenger  stecunera. 

Now,  any  force  which  has  to  be  extinguished  by  doing  nseleas  work  is 
a  force  wasted,  and  if  the  work  done  ia  injnrioaa  to  engine  or  hall,  the  loss 
is  worse  still.  For  thia  reason  the  engineers  of  the  past  are  to  blame  for 
not  having  found  means  to  prevent  such  waste,  and  still  more  so,  those  who 
now  neglect  the  efficient  methods  which  have  been  devised  for  preventing 
such  forces  coming  iato  existence,  and  for  rendering  them  harmless  when 
developed. 

Mr.  Arthur  £igg  called  attention  to  the  subjeot  in  his  able  work  so  &r 
back  as  1878,  but  it  is  owing  to  Mr.  Yarrow's  genius  for  investigation  that 
the  question  was  put  in  practical  form,  and  to  Mr.  Otto  Schlick's  analytical 
ability  that  methods  were  devised  whereby  balancing  was  no  longer  an 
interesting  workshop  experiment,  bat  an  exact  science  and  a  fine  art;  it 
has  been  rendered  even  more  so  hy  the  later  oontributions  of  Prof.  Dalby 
and  others  to  the  Trwtvaetiont  tffUtt  fnttUation  of  Naval  ArchiUett,  Se. 

To  understand  clearly  what  is  involved  in  tbe  balancing  of  an  engine, 
it  will  be  best  to  take,  first,  the  common  case  of  a  double-acting  single- 
crank  engine.  Suppose  it  to  have  a  fiywheel  with  a  weight  near  its  riro 
of  such  a  size  and  position  that  at  half-stroke  it  statically  balances  the 
crank,  rods,  and  piston.  When  this  engine  is  in  motion  the  momentum 
of  the  principal  parts  is  roughly  balanced  for  turning  by  that  of  the  balance 
weight ;  but  a  couple  is  formed  by  joining  the  centre  of  the  gravity  of  the 
iveight  by  a  line  going  diagonally  across  the  engine  to  its  centre  line. 
The  shaft  and  its  Marings  will,  therefore,  be  racked  by  this  cross-section 
couple,  and  the  engine  tend  to  tilt  and  twist  on  its  bed.  Moreover,  since 
the  momentum  of  the  balance  weight  ia  constant  tangentially,  while  that  of 
the  pistons,  rods,  &c,  ceases  at  the  ends  of  the  stroke,  there  must  be  an 
excess  momentum  of  the  balance  weight  at  those  perioda  which,  in  the 
vertical  engine,  tend  to  make  it  move  borisontally,  and  in  the  horizontal 
engine  vertically.  This  evil  is  made  apparent  in  a  locomotive  engine 
by  what  ia  called  "rail  hammering,"  fnin  the  blows  the  rail  gets  ftvm 
the  wheels  with  the  balance  weights  when  the  engine  passes  the  dead 
centres. 

If  the  balanoe  weight  is  placed  on  one  crank-arm  only,  as  was  aome- 
times  done  for  cheapness,  similar  actions  were  set  up,  bat  less  in  degree. 
Two  balance  weights,  one  on  each  arm,  make  the  proper  balanoe,  but  still 
fail  to  avoid  the  horizontal  overbalance  when  the  crank  passes  the  dead 
points  and  the  consequent  horizontal  vibration.  If  only  balanoe  weights 
opposite  the  cranks  can  be  provided,  a  compromise  must  be  arrived  at,  so 
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that  their  weight  is  such  thftt  the  horisonUtl  vibrfttion  dn«  to  overbAluica 
u  reduced  to  thftt  of  the  vertical  vibration  caused  by  underbAlsnce.  I( 
however,  the  engine  has  an  air  pamp,  &c.,  worked  by  meaiui  of  levers  so 
that  thej  move  in  the  opposite  direotion  to  that  of  the  piston,  their  weight 
mav  be  so  adjusted  tiiat  their  momentum  balances  that  of  the  piston  and 
FDiu,  while  the  balance  weu^hte  on  the  crank  bslanoe  the  crank,  pin  brasses, 
and  coanecting-Tod  end.  I^ere  will,  however,  still  remain  a  couple  tending 
to  rock  the  engine  athwart  ship. 

Ur.  Haoalpine  has  designed  a  quadruple  engine  (fig.  200)  with  the 
ojlindera  in  pairs,  one  behind  the  other,  and  each  pair  operating  on  the 
same  crank  by  raeaos  of  rooking  levers  like  those  of  the  air  pump.  This 
gives,  no  doubt,  a  very  welt  balanced  arrangement  fairly  free  from 
vibration,  but  the  ratio  of  mazimam  to  mean  torque  is  greater  than  that 
of  a  three-crank  engine. 

Farther,  the  motion  of  the  valve  and  gear  in  this  single  engine  will 
create  inertia  forces  which  will  tend  to  set  up  vertical  vibration,  and 
should  be  taken  acooont  of  especially  if  it  is  a  fast-running  one.  This  can 
be  done  by  finding  the  resultant  forces  from  all  the  parts,  and  placing  the 
balance  weights  acoordingly. 

Take  now  the  case  of  a  two^crank  engine.  If  the  cranks  are  opposite 
one  another  they  will  balance  for  rotation  and  so  req^uire  no  weights, 
and  if  the  moving  )tarts  are  of  equal  weight  their  relative  momenta  will 
also  only  tend  to  make  the  engine  rock  in  a  fore  and  aft  direction  on  its 
foundntion  and  not  jump  on  it ;  it  is  true^  however,  that  this  tendency 
to  rock  will  be  prevented  by  the  holding  down  bolts,  but  with  the  vibration 
of  the  ship  as  a  consequenoe.  Such  vibration,  however,  will  not  be  bo 
troublesome  as  ie  the  case  with  an  unbalanoed  single  engine  tending  to 
jump.  In  this  instance  the  balancing  might  be  efiboted  by  a  weight  in  the 
flywheel  at  a  slight  expense,  or  else  by  some  form  of  "bob"  weight,  as 
suggested  by  Mr.  Yarrow,  placed  beyond  one  of  the  cranks  so  as  Imt  its 
mass  and  velocity  to  balance  the  momentum  on  the  other  crank-pin.  This, 
of  course,  leads  naturally  to  a  three-crank  engine  with  the  two  outer  ones 
oppotiU  the  middle  crank  and  the  weight  of  the  moving  parts  of  the 
middle  engine  equal  to  those  of  the  two  outer  engines  together,  these  being 
of  equal  weight. 

This  form  of  engine  would  seem  to  be  perfectly  balanced,  and  it  would 
actually  he  so  if  it  had  slot  crossheads  instead  of  connecting-rods ;  as  it 
is,  the  acceleration  of  the  piston  of  the  middle  engine  at  the  commencement 
of  its  downstroke  is  greater  than  that  of  the  wing  engine  pistons  at 
commencement  of  their  upstrokes  with  a  consequent  loss  of  balance  and 
vibration. 

If  a  two-crank  engine  has  its  cranks  at  right  angles  it  vill  be,  from 
the  ordinary  point  of  view,  a  better  balanced  engine  than  one  with  the 
cranks  opposite,  although  there  may  be  more  vibnttion  set  up  by  it.  The 
fact  is,  that  the  torque  is  much  more  even  in  this  case— that  is,  the  ratio 
of  maximum  to  mean  twisting  moment  is  much  less;  and  the  engine  runs 
more  uniformly  without  a  flywheel.  This  little  fact  enforces  the  necessity 
of  clearly  distinguishing  between  the  balancing  for  even  circular  motion 
and  the  balancing  necessary  to  prevent  vibration  either  vertical  or  hori- 
xontal,  although  generally  the  nalancing  to  prevent  vibration  tends  to 
improve  the  even  running  of  the  engine.  Balancing  of  these  engines  may 
be  done  by  means  of  a  pair  of  weights,  one  at  each  crank,  in  such  a  way 
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tbftt  the  vertical  u  not  extiDgiiisbed  at  the  ezpeoBe  of  ezcusive  horizontal 
vibration. 

The  same  procesB  must  be  gone   throagh  with  a  thre«-orank  engine 
whose  onmka  are  at  aa  angle  of  120*  with  one  another — vis.,  bo  asoertain 


i-iUi 


the  kinetic  resultants  of  the  Bystem,  and  balance  them  wholly  or  partially 
by  means  of  balance  weights  placed  on  the  first  and  third  cranks  of  such 
a  size  and  position  that  the  engine  will  neither  rock  fore  and  aftways 
nor  jump  on  iU  seat;  and,  further,  it  must  not  have  excessive  horizontal 
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vibmtion.  The  methods  of  arriviog  at  these  results  are  aet  oat  A1II7 
l«t«r  OD. 

A  fouFMsrank  eogine,  however,  is  the  easipr  to  deal  with,  as  in  tb&t 
case  eoatiguoas  engines  can  have  their  craaks  opposite  one  another  ao 
as  to  balance  vertically  and  nearly  balance  horizontally  and  hare  the 
minimum  rocking  utonient.  Also,  as  the  extreme  cranks  are  at  right 
angles  they  give  a  smaller  rocking  couple  than  if  the  anple  were  larger. 
Mr.  John  Tweedy  devised  an  arrangement  of  cylinders  and  cranks  in  a 
four-crank  triple  engine  whereby  a  good  balance  is  obtained  without  the 
use  of  any  balance  weights  or  other  nddition  to  the  engines.  In  his 
design  the  low-pressare  cylinders  with  their  gear,  as  being  the  lightest, 
are  placed  at  the  ends  with  the  high-pressure  and  medium-pressare 
cylinders  between  them.  The  first  and  second  cranks  are  nearly,  but  not 
quite,  opposite  one  another,  aa  are  also  the  third  and  fourth;  the  second 
is  not  quite  at  right  angles  with  the  third;  in  fact,  the  cranks  are  all 
so  set  as  to  give  the  best  balance  of  the  whole.  This  is  aa  perfect  an 
arrangement  as  can  be  obtained  without  the  nse  of  balance  weights  and  is 
such  aa  to  be  practically  without  vibration. 

Fig.  201  shows  snch  an  engine  and  fig.  201a  the  arrangement  of  the 


cranks  to  suit  the  conditions  of  that  particular  engine.  This  design  is 
now  a  favourite  one  with  all  requiring  a  steady  running  engine  with  the 
least  vibration  of  ship,  and  is  being  fitted  generally  into  passenger 
steamers,  where  the  comfort  of  the  passengers  and  the  preservation  of  the 
paint  work  and  decoration,  to  say  nothing  of  the  structnre  of  the  ship, 
is  of  prime  importance. 

In  warships,  where  accuracy  of  fire  may  mean  victory,  well  balanced 
engines  must  be  fitted.  The  Admiralty  therefore  insist  on  all  engines 
being  as  perfectly  balanced  as  possible, 

As,  however,  a  four-crank  engine  is  generally  more  costly  and  occupies 
more  space  than  a  three-crank  one  and  the  ratio  of  its  manifold  torque 
(or  twisting  moment)  to  the  mean  torque  is  greater  than  that  of  a  three- 
crnnk  engine,  the  latter  will  continue  to  be  largely  used.  The  following 
investigations  and  methods  of  balancing  such  an  engine  will  be  both  of 
interest  and  importance. 

Figs.  202  and  203  show  an  engine  designed  and  patented  by  M.  E. 
Wigzell,  whereby  a  nearly  perfect  balance  is  obtained  by  having  oda 
cylinder  above  another  with  the  pistons  moving  in  opposite  directions. 
Here  again,  the  obliquity  of  the  connecting-rods  prevents  absolutely 
perfect  balance;  in  practice,  however,  the  engine  behaves  as  if  it  were 
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perfectly  balanced.     This  en^ne  haa  the  farther  merit  of  oocnpyiog  very 
little  fore  and  aft  apaoe  and  ia  readily  started  from  any  position. 

1.   Prellminat;   Definitions.— The   direct   object   of   what   ia    termed 
"balancing  an  engine,"  in   to   prevent  tbe  effect  of  the  motion   of  its 


F!g.  203.— Wigiell'i  Engine.    Tranwem  SeoUon. 


moving  parts  bein^  felt  by  aurrounding  objects,  and  not  to  eliminate  any 
particular  atressei  in  parts  of  tbe  engine  itself.  Neither  has  the  object  any 
connection  with  flactnation  of  speed,  the  theory  and  action  of  flywheels  not 
being  related  to  tbe  subject. 
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It  is  a  lutnn)  eonttjumee  of  baUacing  an  engine  thftt  oortun  «tra«»e» 
an  oonsidenblj'  rednoed ;  that  othen  remain  aa  tbey  wm«,  and  that  auoe 
poasibly  eren  maj  be  increaaed. 

Another  point,  which  maj  not  at  first  tight  appear  evident,  is  that  an 
engine  mkj  be  Terj  much  ont  of  baUnee  in  itae)^  that  ia,  if  placed  on  a 
rigid  foundation,  it  oaoMB  rvrj  seTcre  iCreaaei  on  the  holding-down  bolts, 

r 


Fig.  203.— Wig; 


gine.     Longitudinal  Elevfttioo. 


yet  if  placed  in  certain  positions  on  a  flexible  foundation  maj  appear  to 
be  in  a  perfectly  balanced  condition;  that  ia  to  say,  it  will  ran  without 
prodncing  any  vlbrationa  of  the  foundation,  and  in  fact  can  run  nafelj 
without  holding-down  bolts. 

The  problem  of  balancing  an  engine  need  not  necessarily  be  dependent 
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on  this  phenomenon,  and  very  fortnn&telj  so,  becftuie,  although  »  ihip  is 
oertainly  a  flexible  foundation  for  an  engine  to  rest  on,  lo  little  of  the 
true  nature  of  its  fiexibilitj  is  subject  to  calculation  that,  for  new  Bhips 
particularlj,  any  calculations  inTolving  this  property  are  really  mere  guess- 
work  and  therefore  better  left  alone. 

If,  however,  the  engine  be  perfectly  balanced  in  itaelf  it  oan  cause  do 
ribration  to  the  foundation,  whatever  may  be  the  nature  of  its  flexibility. 

In  praotioe  it  is  impossible  to  perfectly  balance  an  ordinary  engine  and 
it  will  be  shown  here  within  what  limits  and  to  what  extent  an  engine 
can  be  balanced.    All  problems  will  relate  particularly  to  the  vertical 
engine,  but  the  principles  Involved  apply  equally  well  to  horicontal  and 
inclined  engines.     Before  proceeding  with  this,  however,  attention  must 
be  drawn  to  the  fact  that  the  problem  of  balancing  an  engine  is  not  in 
the  least  concerned    either  with   steam   loads  and 
twisting  momenta  due    to    the   same   or  with  the 
speed  of  the  engine,  the  dynamical  equiiifarium  of 
the  moving  parts  being  quite  independent  of  how 
fast  or  how  slow  or  how  varying  the  speed  of  the 
engine  may  be.      Comparative  values  of  the  speeds 
of  the  various  parts  are  certainly  required,  for  the 
magnitude  of  any  resultant  forces  and  couples  are      * 
determined  by  the  speed,  but  unless  those  absolute 
values  are  required,  only  comparative  values  of  the 
speeds  of  the  parts  are  essential. 

As  many  engineers,  some  even  of  high  standing, 
are  apt  at  times  to  confuse  the  matter,  and  imsnine 
that  there  is  some  mysterious  connection  between 
steam  pressures  atid  balance  weights,  an  enlargement 
of  what  has  been  said  under  "  Momentum,"  Section  / 
2,  showing  that  there  is  no  connection  between  the 
two,  is  given  in  the  following  simple  demonstration. 

Let  flg.  204  represent  a  diagrammatic  engine. 
Let  the  steam  load  on  the  piston  be  +  P.  Then 
the  load  on  the   top   cover  is  -  P,  and,  confining  Fig.  2M. 

attention  to  the  vertical  forces,  the  vertical  pressure 
at  the  main  bearings  is  +  P.     That  is,  the  steam  toad  causes  no  pressure 
of  the  engine  on  the  foundation,  A. 

The  moving  parts  of  the  engine,  however,  are  not  weightless,  also  they 
never  have  a  uniform  velocity  in  any  given  direction  (in  this  case,  the 
vertical) — that  is,  they  always  have  a  certain  acceleration,  positive  or 
negative.      Now,  since 

force  =  mass  x  acceleration 
ftaother  vertical  force  is  consequently  introduced,  and  is — 


I  = 


weight  of  moving  parts  x  vertical  acceleration 


Suppose  that  when  the  parts  are  in  the  position  shown,  this  force 
equals  +  I  lbs.  acting  downwards.  Bince  the  whole  of  the  moving  parts 
are  concerned,  this  is  equivalent  to  a  load  -t-  I  pressing  the  piston  down 
as  shown.  Now  it  is  self-evident  that  there  cannot  be  any  force  —  1  acting 
on  the  cylinder  cover,  therefore  this  foroe  +  I  remains  alone  and  its  effect 
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ia  ootueqaentlj  to  make  the  engine  heavier  by  -t-  I  lbs.  At  other  points 
the  inertia  force  will  act  upwards  instead  of  downwards,  and  it  will  kIso 
have  a  oontinuoufily  varying  valne. 

There  are,  therefore,  up  and  down  foroea  due  to  the  v>»ighi  and  vaiocitjf 
of  th»  moving  part*  only,  acting  on  the  engine  aa  a  whole  and  recurring 
every  revolution. 

As  tbeee  are  the  forces  that  tend  to  make  the  foundation  vibrate,  the 
balancing  of  an  engine  consists  of  counteracting  the  foroea  so  that  the 
moving  parts  are  renlly  made  as  if  weightless  when  considered  dynamically 
in  certain  given  directions. 

It  has  also  been  stated  above  that  the  problem  of  balancing  has  no 
direct  relation  to  the  speed  of  the  eagina  This  vill  be  obvious  on  con- 
sideration, for  any  countenuiting  weights  that  may  be  applied  mast 
necessarily  have  tlieir  velocity  imparted  to  them  by  the  engine  itaalf,  and 
the  factor  of  velocity  is  consequently  eliminated  from  both  sides  of  the 
representative  equationa. 

2.  Hannonio  HoUob. — The  theorem  of  harmonic  motion  is  stated  here 
because  of  its  great  importance  and  the  direct  bearing  it  has  on  the  present 
subject. 

Suppose  a  point  P  (fig.  205)  to  move  uniformly  round  the  circle  X  f  X*. 
Draw  two  rectangular  axes  0  X,  0  Y,  and  P  N  perpendicular  to  0  Y.      Then 


if  P  has  a  uniforra  angular  velocity  N  will  move  along  Y  0  Y*,  with  a  motion 

that  is  called  "  Simple  Harmouio  Motion." 

Let  OP-r,  POY  =  i^ 

then  ON=rcos#. 

Let  V  "  linear  velocity  of  P, 

then  Velocity  of  N  =  -  o  sin  * 

and  Acceleration  of  N  — oos  t. 

The  proof  of  these  will  befouod  in  most  treatiaea  on  theoretical  mechanics. 
P  is  called  the  generating  point. 
The  angle  S  is  called  the  phase. 
r  is  called  the  amplitude. 
The  time  of  one  revolution  of  F  is  called  the  period. 
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A  cnrre  of  the  displacement  of  1^  fromO  or  of  the  aooelention  of  N  ma; 
e  dr&wu  if  the  absoisate  be  made  proportional  to  t  aad  the  ordinatea  pro- 


portional to  the  diiplacemeut  or  acceleratioa.    Such  a  curve  ia  abova  in 

fig.  206  b7  a:  ooB  t. 

3.  To  Combine  Two  or  more  Hannonlc  HottonB  of  the  Bome  Period- 
Let  P  and  Q  (fig.  £07)  be  the  generating  points  of  two  harmonio  motioiu 

along  the  axis  OT. 


Fig.  207. 

Then,  since  the  angnlar  velocities  of  OP  and  0  Q  are  the  same  and  are 
of  the  same  sign,  the  angle  P  0  Q  is  constant. 

Complete  the  parallelogram  P  0  Q  R.  The  linear  Telocities  of  P  and  Q 
are  proportional  to  OP,  OQ  Fespectively,  and  are  perpendicular  to  thfm. 

Therefore  0  R  ia  proportional  to  their  resnltant  which  is  perpendicular 
to  it 
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Because  O  F,  O  Q  And  utgle  F  O  Q  are  conatant,  0  R  U  coiuUnt  and 
hu  the  Mine  angular  Telocity  as  P  and  Q.  Therefore  R  is  the  generating 
point  of  the  resultant  harmonic  motion. 

The  combination  of  any  number  of  harmonic  motions  of  the  aame  period 
and  sign  is  analogoiu  to  the  combination  of  any.  nomber  of  coplanar  forces 
by  the  polygon  of  forces. 

1.  The  uiertia  of  the  Tuioos  FuU  ol  on  Engliw  will  now  be  dealt 
with  separately. 

Inertia  (ifPitton,  Rod,  and  CnttKead. — These  fittings  all  being  connected 
together  rigidly,  and  having  only  one  line  of  motion,  the  velocity  and 
acceleration  of  the  whole  is  ihe  same  at  all  points. 

( 1^  If  their  movement  is  controlled  by  a  conneoting-rod  of  infinite  length 
they  nave  a  simple  harmonic  motion,  and  the  acceleration  at  any  aagnlar 
position  i  of  the  crank  bom  the  top  centre  is  therefore 

/=-^  oos*{par.2).    -        ...        (1) 

(2)  If  their  movement  ia  controlled  by  a  connecting-rod  of  definite  length 
the  simple  harmonic  motion  is  at  once  destroyed  and  the  expression  for  tJie 
acceleration  ia  a  very  complicated  one,  so  much  so  that  it  is  impossible  in 
practice  to  use  it  in  its  complete  form  for  either  algebraical  or  graphical 
calcnlationa. 

The  eipresdon  oorreotly  steted  in  defioite  form  Is — 

«•/        .     rf"coB2  9+f*sin*»\  „ 

/---(cosg-t-— p.^^,j,     J <S) 

Or,  written  in  the  form  of  a  series, 

f--t{^..«.^.(\*h*^-]^*  ■■■) 

+  oo.4»(j.  ii+i8.-?+    -    .    .) 

+  fto. }     -       -    (3) 


As  neither  of  these  expresdoDS  are  convenient  to  use,  it  is  necessary  to 
adopt  the  nearest  approximation  that  will  admit  of  a  tangible  interpretation. 

The  first  approximation  is/°> coa  d,  which  is  the  same  as  (1),  and  ia 

therefore  the  value  of /to  use  when  the  eonnecting'rod  is  of  infinite  length, 
or,  in  other  words,  when  its  "  obliquity  "  is  neglected. 
The  aeoond  approximation  is 


/..^(„.,,^')    ...(., 


and  this  is  sufficiently  accurate  for  all  ordinary  calculations  and  makes  an 
almost  complete  allowance  for  the  obliquity  of  the  connecting-rod,  for  the 
other  terms  of  the  series  diminish  venr  rapidly  in  value.  Tms  expression 
(4)  will  therefore  be  used  in  tiie  problems  of  finding  tiie  actual  values  of 
the  disturbing  forces  in  an  engine. 
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The  error  involved  bj  using  this  eipreeaion  inatead  of  the  oomplste  aeries  or 
eqiution  (2)  U,  if  «  =  4,  I'M  per  cent,  uid  if  <  =  fi,  0-8  per  cent.  This  error  ii 
therefore  very  unall  indeed,  ftnd  in  uij  gMphic&I  oalculAtiona  would  h&idly  be 
•ppreciftbla. 

Means  of  Salemeing  the  Pitton  and  Sod. — Expression  (4)  maj  be  written 

in  the  form/  = ooei coa  2  d.     Cos  i  uid  cos  2  #  are  both  oimple 

harmonic  functions  bnt  with  this  difference,  ooa  i  has  on«  period  per 
rerolutioQ  of  the  engine  and  cos  2  i  has  Ivxi  periods  per  revolution.  This 
will  be  seen  at  a  glance  in  fig.  206,  where  both  these  currea  and  their 
resnltant  are  drawn. 

Let  H,  =  weight  of  piston,  rod,  and  orosshead.     Ifow,  in   order  to 

balance  the  inertia  force,  F=  -— '.—  cos* '.—  cos2A  two  weisbtB 

9      r  g      ra  '  ^ 

must  be  fitted  so  that  one  of  them  has  an  acceleration  in  the  same  line  of 

motion  aa  the  piston,  equal  to  -I-  --  cob  i,  and  the  other  haa  an  acceleration 

also  in  the  same  line  of  motion,  equal  to  +  —  cos  2 1,  both  weights  being 
equal  to  M,. 

Or,  the  weights  W,  and  Wj  ma;  hare  different  values  and  radii  of 
inflnence  (r,  and  r,),  so  long  as 

1—  COS  ^  =  — i-^  cos  (180°  +  i),  *.«.,  W,  r,  =  M.r 

gr  ?»"i  "'III 

and 

1-^ooB  2  #  -    -  ^^L^*ooB  2(180°  +  J),  ia.,  W,f,=  M,r. 

ggr  gart  /•       »      e  I         i 

Considering  the  first  force,  it  will  be  obvioua  that  if  a  weight  W^  be 
fitted  to  reTolre  with  the  crajik-shaft  and  opposite  to  the  crank,  it  will 
have  the  required  vertical  acceleration  and,  therefi^re,  the  required  counter- 
actii^  inertia  force. 

'lOM  is  the  method  that  ia  in  the  majority  of  cases  adopted. 

It  has  one  drawback,  however;  another  inertia  force  is  introduced  in 
a  horizontal  direction  dae  to  its  harmonic  motion  in  that  directioiL 

This  force  is  equal  to  — i— ^  sin  t. 

The  main  result  of  this  method  is  reallj'  to  overbalance  the  engine  in 
a  horizontal  direction,  as  will  be  seen  in  a  subsequent  paragraph. 

Fraoticallf,  two  weights  would  have  to  be  fitted  each  equal  to  half 
Wj,  and  on  each  crank  web. 

A  more  correct  method  is  that  suggested  by  Mr.  Yarrow  to  fit  two 
(for  practical  convenience)  "bob"  weights,  driven  by  eccentrics,  keyed  on 

the  shaft.    —^  should  equal  the  weight  of  the  bob,  eccentric,  and  rods, 

and  the  eccentrics  of  throw  r,  must  he  placed  opposite  to  the  crank.  The 
only  error  involved  in  this  method  is  the  slight  horizontal  inertia  force 
due  to  the  weight  of  the  eccentrics  and  obliquity  of  the  eccentrio-rods. 

Oonsidering  tiie  second  force ^ —  cos  2  f,  a  mechanical  difficulty  ia 
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OOnfroDted  here  in  producdog  «  fitting  th«t  shall  move  with  an  acc«lermtioii 
proportional  to  oob  2  (180*  +  t).  Two  ways  in  which  this  ooold  be  done 
are  shown  in  Sgi.  20^  208a.  The  figares  are  self  explanatory.  Another 
way  would  be  by  means  of  a  cun  fixed  to  the  shaft  that  wonld  cause  a 
weight  to  move  up  and  down  twice  per  revolntioa  and  satisfy  the  oondition 
that  it«  acceleration  would  be  alwayi  proportional  to  cos  2  (180*  -f  f). 

There  are  poswbly  other  mechanical  devices  for  attuning  the  same 
object. 

Now,  these  methods,  although  very  well  in  theory,  would  be  altogether 
o  inconvenient  for  actual  practice.  Thus  it  is  that  this  part  of  the 
disturbing  force  < 


too  inconvenient  for  actual  practice.      Thus  it  is  that  this  part  o: 

k  an  engine  ia  neglected  as  far  as  actual  bal&ncing  is 


Figa.  SOS  and  aOSo. 


Figs.  SM  and  soft). 


concerned.    Doing  so  is  generally  termed  "neglecting  the  obliquity  of  the 
connecting-rod.' 

5.  Inertia  of  the  Connecting-rod. — In  finding  the  acceleration  of  the  con- 
necting-rod a  problem  of  extreme  complexity  is  presented,  and  it  is  usual 
and  necessary,  therefore,  in  practice  to  make  certain  approximations  and 
assumptions  in  treating  the  subject.  The  connecting-rod  having  its  top 
end  moving  in  a  straight  line  and  its  bottom  end  in  a  circle,  has  conse- 
quently a  difi'erent  tobd  acceleration  at  all  points  in  its  length.  Adopting 
the  approximation  in  par.  1,  equation  i,  the  top  end  has  an  acceleration  the 

same  as  the  piston-rod,  which  is  therefore^-  --  fooa  t+  — J. 

The  bottom  end  moving  with  a  uniform  angular  velocity  about  the  axis 

of  the  shaft  has  a  vertical  acceleration cos  f  and  a  boriiontal  aocelera- 
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Aqj  point  OQ  the  conn ec t iog  -  rod  between  the  centres  will  have  an 
elliptic  path,  the  minor  axis  of  which  varies  from  2r  to  O,  and  the  vertical 

acceleration  varies  from cos  *  to (cos  t  + ),      If  the  mass  of 

the  whole  rod  be  supposed  concentrated  at  the  centre  of  gravity  the  accelera- 
tion of  the  whole  rod  vertically  will  be 


-7'(' 


co,.  +  -;,52!A.').  (fig.  209)-        (6) 


If  it  is  desired  to  find  the  true  value  of  the  inertia  of  the  rod  in  order  to 
combine  it  with  the  "steam"  twisting  moments,  or  for  reasons  of  other 
interest,  the  strict  investigation  is  outlined  in  the  footnote,  but  as  far  as 
balancing  is  concerned,  it  is  out  of  the  question  for  practical  reasons  to  use 
such  elaboration. 

Considering  expression  (5)  for  the  acceleration,  it  is  obvious  from  the 
remarks  on  the  inertia  of  the  piston-rod  (§  4)  that  a  balance  weight  can 
be  fitted  to  the  engine  that  shall  have  an  acceleration  proportional  to  oos  t, 
but  that  it  is  impossible  practically  to  fit  one  having  an  acceleration 

proportional  to  cos  2  tf.     The  port ■  -<  has  then  perforce  to 

be  neglected* 


of  ths  oonnecting-rod  ia  -^j  aod  ths  angnlar  koceleiatioa  of  the  oomieotiiig-rod  is  -r-^ 
There  are  three  foroei  on  the  rod  which  determine  ita  rwaltant  oooeleration  (fig.  !!09ci} :- 
„  _M«/ 


~(rf()  ^c'"'? "lo"? 'I*^ ""'• 


F|  = — /  acting  throngli  O  parallel  to  the  centre  line. 


=  weight  of  the  rod. 

=  acceleration  of  rod  vertically, 

=  acceleration  of  piston-iod. 


It  may  easily  be  ahowu  that — 


"  Vi'-'^sin'fl 
t*"!?  -  r=)  ii 


=  "r(P-  f*aia»tf)* 

1^/  rPco82tf  +  H8in*fl\ 

: (ooaff  + i —  1 

f  V  (P  -  r"  «n=  ej*      } 


By  anbetitation,  each  of  the  three  forces  can  be  fonnd.  In  addition  to  the  foroek 
tiiere  is  the  deadweight  of  the  rod  =  M  acting  vertically  through  0,  To  find  the  effect 
on  the  twisting  moment,  the  momenta  of  the  four  forces  mnst  be  taken  abont  0  for 
di^rent  valuee  of  9  and  added  algebraically  to  the  remainder  of  the  twisting  moment 
diagram.  The  proof  of  the  above  formnls  may  be  found  in  advanced  treatises  on 
meonauica  and  ateaio. 
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M«am»   of  Baiandng   (A«   Connaeting  ■  rod. — Neglecting,  therefore,   tJie 

part  involTing  cos  2  4,  the  vertical  aooeleration  of  the  rod  ia  —  coa  A     To 

bftUnoe  by  a  rotatiog  weight,  »  weight  moat  be  pUoed  in  the  Mtine 
poaition  aa  that  for  balancing  the  piston,  Ac.  If  M,  eaual  the  waigfat  of 
connecting-rod,  then  the  weight  W,  ia  given  by  W,r  —  li,r.  This  weight 
will  partly  balance  the  rod  in  a  horizontal  direction.  It  will,  however, 
really  overbalance   horizontally,  because,  although   the  whole  rod  has  a 

vertical  acceleration  -  — cos  t,  only  part  of  it  has  an  acceleration"  sin  t 

(which  has  the  same  mazimam  value  or  amplitude  as  —  cos  0,  its  phase 

being  W  behind).  Therefore,  if  it  is  deaired  to  balance  any  particular 
engine  horizontally  in  preferenoe  to  vertically,  the  full  weight  Wj  must 
not  be  put  on,  but  only  a  portion  of  it,  which  for  a  fairly  accurate  ^proxi- 

mation  may  be  saofa  that  ~  H,  r  -  W,  r.        {fig.  309). 

Thia  ie  one  of  the  assumptions  alluded  to  at  the  beginning  of  the 
paragraph,  and  really  amounts  to  dividing  the  connecting-rod  into  two  parts, 

and  aaauming  the  part  y  M,  to  be  ooaoentrated  at  the  crosabead  and  p  H, 

to  be  concentrated  at  the  crank'pin. 

Professor  Dalby  gives  a  diviaion  of  the  rod  that  is  said  more  accurately 
to  represent  the  caae,  the  division  being  as  follows  :^At  the  crank  pin 


U(  ( — = — t.    The  remaioder  at  the  crosabead,  h,  being  the  distAuce  from 

,re  to  centre  of  oscillation. 

3  of  the  actual  rods  to  find 


crosshead  centre  to  centre  of  oscillation. 

This  necessitates  an  experiment  with  < 
tiie  centre  of  oscillation. 

The  finding  of  the  centre  of  gravity  doea  not  require  any  special  ex- 
periment, for  in  ordinary  shop  transit  the  slings  are  usually  placed  in 
thia  poaition.  In  case  tnat  either  observations  are  not  readily  available^ 
the  following  table  of  typical  connecting  rods  is  given  : — 


(».  Kg.  SIS.) 

CD1iDectltag.Rod  to 

Flg.B*, 

ns-K. 

Fig-n*. 

Poaition  of  oonlre  of  gravity  from  top  centre,      . 
„               „          OBcillatioD        „        ,, 

^^* 

■6751 

■sat 
■sat 

■581 
■9121 

■643i 
■637 

If  it  is  deaired  to  balance  the  engine  aa  far  as  possible,  both  vertically 
and  horizontally,  then  the  reciprocating  part  of  the  connecting-rod  must 
be  balanced  by  means  of  reciprocating  bob  weights  as  explained  and  the 
rotating  part  must  be  balanced  by  a  rotating  weight. 

6.  UierUa  of  Crank. — ^The  balancing  of  the  crank  ia  the  simplest  part 
of  the  whole  problem.     The  unbalanced  part,  of  course,  consists  of  the 
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crank  webs  beyond  the  shaft  and  the  crank-pin.  The  acceleration  of  the 
centreof  gravity  vertically  is^  = cos  *,  and  horizontally  ^  ■ — Bin*, 

or,  if  referred  to  a  horizontal  axis,  the  horizontal  acceleration  ia  f  = 

cos  t.  Thus  to  balance  both  vertically  and  horizontally  a  weight  mast  be 
placed  oppcwite  the  crank-pin  acting  at  radios  r^  such  that  its  weight  is 
given  by  W^  rj  =  M^  R,  vhere  R  is  the  distance  of  the  centre  of  gravity 
of  the  crank  webs,  kc,  from  the  shaft  centre. 

7.  iBertia  of  Talve  Oeu. — The  simple  valve  gear  is,  of  course,  a  slider- 
crank  chain  like  the  piston,  connecting-rod,  and  crank,  and  its  treatment  ia 
therefore  precisely  the  same. 

Practically  it  is  not  convenient  to  fit  specisi  balance  weights  for  the 
valve  gear,  and  they  are  generally  embodied  in  those  for  the  main  parts  of 
engine.  As  this  method  introduces  a  disturbing  couple  on  the  engine  which 
must  be  eliminated,  the  problem  of  combination  will  be  treated  at  length  in 
par.  9. 

Again,  most  marine  engines  are  fitted  with  Stephenson's  link  motion. 
It  is  impossible  to  use  the  formula  for  the  acceleration  of  the  valve  in  any 
method  of  balancing ;  in  fact,  the  solution  of  the  displacement,  velocity,  and 
acceleration  of  the  slide  valve  is  an  extraordinarily  complicated  operation, 
especially  if  slot  links  are  fitted. 

It  is  usnal,  therefore,  to  adopt  the  following  assnmptioai  in  dealing  with 
this  part  of  the  engine : — 

1.  Reciprocating  Masses. 

Ahead,      .      .      Valve. 

Spindle. 

Half  the  link. 

Link  block. 

0'5  eccentric-rod  if  notch  up  gear ;  or 

0'4  eccentric-rod  if  direct  gear. 

Half  the  bridle-rods  ~  1  bridle-rod  if  con- 
nected to  "ahead  "  end. 
Astern,     .  Half  the  link. 

0-5  eocen  trie-rod  if  notch  np  gear;  or 

0'4  eccentric-rod  if  direct  gear. 

I  bridle-rod  if  connected  to  "astern"  end, 

2.  Slating  Masses. 

Ahead,       .  Remainder  of  eccentric-rod. 

E!ccentric  sheave. 

Eccentric  strap. 
Astern,      .       .       Remainder  of  eccentric-rod. 

Eccentric  sheave. 

Eccentric  strap. 

8.  Inertia  of  Air  Pninp. — The  air  pump  when  out  of  centre  with  the 
engines,  and  having  an  ojjposite  motion  to  that  of  the  particular  engine  that 
drives  it,  presents  a  rather  peculiar  problem  when  its  efiect  on  the  engine 
snpport  or  foundation  is  considered  conjointly  with  the  means  of  balancing. 

Let  W.  Wg  be  the  equivalent  weights  of  parts  when  having  an  accelera- 
tion/equal to  that  of  the  piston-rod  (fig.  210).    Then  A  B  -  BO. 
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Let  the  iaerti*  forces  due  to  W, 


W,  be  P,  Pj  reBpectively  (p 


and  P,  ■•  W,  —  j,  andBuppoae  them  to  act  u  shown  in  fig.  210  irhen  the 

lerer  ii  in  that  position. 

The  force  P  u  rqniTalent  to  a  tranBTerae  coaple  2  FA  on  tiie  engine  and 

a  downward  force  P  acting  through  the  rocking  tbaft  bearing  (fig.  210a). 

There  ii  thai  a  total  force  P  +  P,  acting  upward  with  the  piston-rod  inertu 

force  and  a  force  2  P  acting  downward  through  the  bearing. 

Mmiu  of  Balancing. — There  is  no  practicable  method  of  balancing  the 

transTeree  oonple,  except  perhaps  by  fitting  an  equal  air  pump  on  tlie 
opposite  side  of  the  engine  and 
dnven  from  the  same  croeshe«d. 
This  weald,  however,  be  an  ex- 
tremely awkward  fitting. 

Now,  if  A  is  ao  appredable 
dimension  compared  with  the  breadth 
of  the  ship,  the  effect  will  be  to  pro- 
dace  tonional  vibratioas  of  the  ship; 
bat  if  A  bevery  small  compared  with 
the  same,  there  is  on  p<HCUc«lty  the 
same  centre  line  a  downward  force 
2  P  and  an  upward  force  P  +  P,.  The 
difference  of  these  forces  is  the  force 
causing  ribrations  of  the  same  kind 
as  those  produced  by  the  engine. 
In  practice  it  will  be  found  that  W^ 
and  W,  are  very  nearly  equal  to  one 
another,  and  in  that  oase  the  two 
inertia  forces  neutralise  each  other, 
and  the  air  pump  may  oonseqaently 
be  neglected. 

In  the  greater  number  of  fut- 
running   engines  h   will,   however. 
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be  of  apOTeciable  magnitude,  and  it  is,  therefore,  usual  to  make  the 
addition  Wi+  Wg  to  the  engine  reciprocating  weights. 

Nott. — When  in  the  remainder  of  this  chapter  the  term  "perfectly 
balanced'  is  used,  without  oomment,  it  may  betaken  aa  meaning  that  the 
parts  ander  consideration  are  perfectly  balanced  as  &r  as  the  limits 
just  disonssed  enable  them  to  be. 

9.  Slugle-cnmk  Engine  and  Valva  Gear  balanced  by  Eotatlng  Wel^ts 
only. — Beduce  all  weights  of  moving  parts  to  equivalent  weights  driven  by 
cranks  of  the  same  radius,  say  the  crank  radius  r. 

Let  Mj  —  weight  of  engine  reciprocating  parts  at  radius  r. 
Mj  =  „  „       rotating  „  „ 

M,  >■  „        valve  reciprocating        „  „ 

M^  —  „  „     rotating  „  „ 

Imagine  a  plane  OXY  (fig.  211)  throngh  any  point  0  on  the  crank 
shaft  and  at  right  angles  to  it.  This  plane  will  be  called  the  reference 
plane. 


Fig.  2)1e. 


Fig.  211(1. 


Fig.  sue. 


Ca»e  1. — Suppose  it  is  desired  to  balance  the  engine  as  completely  as 
possible  in  a  vertical  direction  in  preference  to  the  horizontal  direction, 

B7  the  theory  of  couples  any  number  of  coplanar  forces  can  be  reduced 
to  a  single  force  acting  at  any  point  accompanied  by  a  couple. 

In  tiie  engine  under  consideration  there  is  at  any  time  a  free  vertical 

force (Mj  +  Mj)  ccs  t  -  —  (M,  +  M^)    00s  (J  +  a),   and    a    couple 

referred  to  the  reference  plane 


-  -  -  (Ml  +  M^  a  COS  *  -  -  <Mj  +  MJ  6  oo«  (<  +  «) 
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Aa  Ihs  force  and  couple  cannot  be  balanced  b;  a  single  force,  becauM 
th^y  are  not  in  the  aame  phase,  two  weights  at  least  must  be  employed  to 
balance  the  engine.  A  couple  as  well  as  a  force  can  be  represented  by  a 
straight  line  of  length  proportional  to  its  moment.  It  is  osual  in  theoretical 
mec^nics  for  this  line,  which  is  called  the  axis  of  the  couple,  to  be  dr»wn 
anywhere  at  right  angles  to  the  plane  of  the  couple,  but  in  order  not  to 
confuse  the  subject  it  will  be  found  much  more  convenient  to  dr«w  tbia 
line  in  the  plane  of  the  couple. 

Project  the  lines  of  cranks  on  to  the  reference  plane  (shown  in  front 
elevation  on  figs.  311a  and  2116),  and  measure  off  parts  OAand  OB  equal 
to(M,  +  M,)and  (Mj+  M,)  respectively.  Measure  off  OAi  and  OB,,  equal 
to  (M,  +  Mj)  a  and  (M,  +  MJ  b  respectively.     Each  of  these  quautities 

mnltipliod   by -,  of  course,   gives   the    maximum    inertia    forces    and 

couples  dne  to  them,  and  the  angle  a  is  also  the  phase  of  those  forces 
and  couples  of  the  crank  behind  those  of  the  valve  gear. being 

oommon  to  all,  balance  weights  included,  need  not  therefore  enter  into 
any  calculations.  Then  A,  B,  A.  and  B^,  are  the  generating  points  of 
simple  harmonic  motions  along  OX,  0  T.  Compound  these  by  the  problem 
in  par,  3.     Their  resultants  are  C  and  0|  respectively. 

Suppose  it  is  convenient  to  place  the  rotating  balance  weights  at  pointe 
C,  and  F  on  the  shaft.  Then,  stated  definitely,  the  problem  is  to  find  the 
values  of  the  weights  W,  Wj,  and  the  angles  at  which  they  are  to  be  fixed 
relatively  to  the  crank  such  that  the  resultant  of  the  vertical  free  force 
produced  by  their  rotation  is  equal  and  opposite  to  00,  and  that  the 
resultant  of  their  momenta  about  the  reference  plane  is  equal  and  opposite 
toOCj. 

For  convenience  let  M,  +  M,  -  F,  and  M,  +  M^  ■=  Q.  Let  the  angles 
W,  Wj  make  with  the  crank  be  a,  ec,  respectively. 

Then  these  values  may  be  found  by  solving  the  equations — 

P  +  Qoos*    -  -  (W,  008*,+ Wjcoeog) (1) 

P«+Q6oo9«-  -  (W,ccos«,+ W^coB*,) (2) 

W,»  (0  -  rf)«   =  P«  (a  -  <ij»  +  Q*  (ft  -  rf)'  -  2  P  Q  (o  -  rf)  (i  -  if)  cos  «  (3) 
Wj>(<'-<')'   -P*(o-a)*4-Q»(ft-o)>-2PQ(o-a)(6-c)coa<i   (4) 

Cm-c  must  be  taken  that  the  distances  are  positive  or  negative  according 
to  their  sense.  These  are  very  easily  solved  if  the  known  values  of  the 
constants  be  substituted  immediately. 

The  graphical  nAution,  however,  is  more  quickly  arrived  at 

Draw  a  base  line  H  K,  aud  a  pair  of  axes  OX,  OT  (figa.  211«,  Slid, 
and  211e).  On  H  K  mark  off  the  engine  centres,  •be,  to  scale,  and  ereot 
perpendiculars  as  shown. 

On  either  of  the  balance  weight  centres  (say  that  of  W.)  mark  off 
GR-P,  andGTJ  =  Q. 

Draw  horizontals  through  R  and  U.  Join  R  F,  cutting  D  L  in  S.  Join 
U  F,  cutting  E  T  in  N.  Then,  by  the  principle  of  the  "  lever,"  the  part  of 
D  L  or  P  that  must  be  apportioned  to  W,  is  OB,  and  the  port  to  W,  is  8L. 

Similarly,  the  part  of  E  X  to  be  apportioned  to  W,  is  E  N  and  the  part 
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to  Wj  is  TN.     EN  is  necesiMrily  greater  than  ET,  because  the   valve 
centre  is  outside  both  the  centre  of  W,  and  Wj. 

To  find  W,  mark  off  {6g.  2Ud)  os  i=  D^^  and  «n  -  EH.  Joi  no 
and  produce.  Then  on  =  W,  and  o  %,  its  direction  relatively  to  the  crank 
line  oy. 

To  find  W^mark  off  ol  =  &L  (fig.  Slle),  and  It  =  -TN.  TN  being 
n^^tive  the  direction  must  be  in  the  opposite  direction  to  s  n. 

Then  Wj  =  ot  and  o  t  is  its  position  relatively  to  the  crank  line  O  Y. 

If  the  work  has  been  done  correctly,  the  resnltant  of  the  two  weights 
Wj  Wj  will  be  found  to  be  equal  and  opposite  to  OC,  and  the  resultant  of 
their  momenta  about  the  arbitrary  reference  plane  will  be  fonnd  to  be  equal 
and  opposite  O  C,  (figB.  211a  and  2116). 

The  centre  of  gravity  of  W,  and  Wg  must  be  at  radius  r,  but,  if 
necessary  for  it  to  be  at  radius  r,,  then  Wjr  =  Wj^i,  wid  W^r  =  w^rj. 
Thus  the  engine  is  balanced  perfectly  in  a  vertical  direction  for  both  the 
distributing  couple  and  the  free  up  and  down  force. 

Case  2. — Suppose  it  is  desired  to  balance  the  engine  as  completely  as 
possible  in  a  hontontai  direction  in  preference  to  the  vertical  direction. 

Here  the  rotating  parts  of  the  engine 
have  simply  to  be  deut  with,  because  the 
reciprocating  parts  have  no  resolved  part 
horizontally. 

Apply  the  same  prooesB  as  for  Case  1, 
hut  instead  of  using  Mj  +  M,  and  M,  -t-  M^ 
nie  Mj  and  M,  reepectively. 

It  will  now  be  seen,  as  intimated  in  the 
latter  part  of  par.  6,  that  the  engine  is 
over-balanced  horizontally  when  completely 
balanced  vertically  by  rotating  balance 
weights. 

Cote  3. — Suppose  it  is  desired  to  balance 
the  engine  as  completely  as  poBsible  in  both 
directions,  the  balance  weights  being  rotary  pjg,  212. 

only. 

The  only  thing  that  can  be  done  here  is  to  effect  a  compromise. 

Find,  as  in  Oaaes  1  and  2,  the  weights  necessary  for  balancing  in 
both  directions  separately.  Let  these  weights  be  W,'  and  Wj'  for  the 
vertical  balance  and  W,*  and  Wj*  for  the  horizontal  balance.  Draw  their 
oentre  lines  as  in  fig.  212.    They  will  moat  probably  not  be  on  the  same 

centre  line.      Divide  the  angle  between  them  so  that  i  =  yi  w  J  w  )>  • 

Then  Yop  is  the  beat  angle  fi>r  the  weight  to  be  fitted.      Also  make 

op  »  "  1'   *  ^1*  .     Then  op  is  the  value  of  the  weight  Wj  to  be  fitted. 

Treat  W,'  and  Wj*  in  a  similar  manner. 

The  engine  is  thus  incompletely,  and  at  the  same  time  as  completely, 
balanced  as  possible  under  the  condition  of  having  only  rotating  balance- 
weights. 

10.  Sii^le-crank  Engine  and  Valve  Gear  Balanced  by  Bob  Weigbte  and 
Botating  Wdghts  comUned.— The  engine  may  be  balanced  perfectly  both 
vertically  and  horizontally  by  the  above  combination. 
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In  order  to  do  lo  the  bob  weighta  kre  made  to  balance  the  reoiprocating 
porta,  and  the  rotating  weights  are  made  to  balance  the  rotary  parts. 

To  find  the  bob  weights  proceed  exactly  ai  before,  using  M,  and  M, 
for  P  and  Q.  The  weights  found  are  thoae  which  would  be  cfriven  l^ 
eccentrics  of  throw  r.  This  radius  will  in  most  cases  be  too  large  for 
convenience.  If  r^  be  the  convenient  throw,  then  W.r  ■•  Rr,,  and 
Wjr  —  ^-„  B,  and  B,  being  the  new  weights  which  should  include  the 
weight  of  the  eccentric  and  rod.  To  find  the  rotating  balance  weights 
again  proceed  as  before, 
using  Hj  and  M.  for  F 
and  Q  respectively,  but 
also  taking  into  account 
the  weight  of  the  bob 
weight  eccentrics,  as  they 
introduce  a  horizontal  dis- 
turbance which  most  be 
eliminated. 

The  solution  of  the 
problem  of  balancing  by 
this  particular  method,  of 
oourse,  depends  on  the  fact 
that  the  bob  weights  have 
no  resolved  part  h  orison- 
tally. 

IL  To  Balanct  an 
En^e  of  any  numbn  of 
CruikB. — As  the  method 
of  solving  this  problem  is 
the  same  in  priocipie  as 
has  just  been  described  in 
pars.  9  and  10,  the  ease 
will  be  moat  easily  ez- 
plsiued  by  means  of  an 
example. 

In  the  example  the 
engine  will  be  balanced 
both  vertically  and  hcri- 
EOntally,  and  the  oombined 
system  of  bob  and  rotating 
weights  m&st,  therefore, 
be  used.  Should,  how- 
ever, the  designer  of  any 
particular  engine  decide 
that  he  cannot  very  well 
adopt  the  most  complete 
method,  he  will  understand  fi-om  the  previouB  paragraphs  what  sacrifioes 
will  have  to  be  made  if  only  one  kind  of  balancing  device  is  used. 
The  methods  of  constmotion  are  precisely  the  same,  although  more 
extensive. 

The  example  (flg.  214^  is  a  thTee.«y)iDdeT  engine  with  ordinary  link 
motion  for  each  valve.  Two  bob  weights  will  be  fitted,  one  at  eadi  end 
of  the  engine,  and  four  balanoe  weights,  one  on  each  crank  web  of  the 


Fig.  218. 


ODtaide  engines.  It  will  also  be  decided  to  balance  balf  the  rotating  maaaea 
by  the  HP  and  LP  forward  wei^^ts,  and  balf  by  the  H  F  and  LP  after 
weights. 
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The  weights  of  the  moTing  parts  are  tabulated  aa  follows,  and  th« 
diagrams  are  drawn  in  figs.  216  to  219. 


TABLE  LII.— Balancino  Engines  :  Weights  or  Moviho  Yi 

axs. 

Bociprocatlng  WalghU. 

EoUlingW 

ighU. 

?S.' 

g 

AfitUBl  WiWit  of 

%lgtatat 

Ai:t<ul  Wel^tot 
KoUUns 

5B' 

ISi^cE'-. 

U^bdua 

WaWiU. 

Badliu. 

■uS, 

Lt«. 

LbL 

Ita. 

Ini. 

Uw. 

Lbs. 

I,b.. 

H.P.  eopne,. 

2,000 

J3i 

2,000 

1,000 

13i 

1,000 

600 

3,000 

,.     ahead,. 

698 

3 

156 

338 

3 

7« 

37i 

230 

302 

3 

4S 

292 

3 

66 

32i 

110 

m!  F.  "gC, '. 

2,300 

13i 

2,300 

1,100 

13i 

1.100 

660 

3,400 

„     ahead,  . 

865 

3 

190 

338 

3 

76 

371 

265 

„    artem. . 

202 

3 

46 

292 

3 

66 

4 

110 

L.P.  engine. . 

2,800 

13t 

2,800 

1,200 

131 

1,200 

600 

4,000 

„     ahead,. 

1,038 

31 

240 

346 

3i 

80 

40 

320 

„     artem,. 

207 

Si 

48 

302 

31 

70 

36 

118 

Forward  bob. 

2,638 

0 

HO 

Eccen 

rio. 

100 

60 

After  bob,.   . 

3,306 

6 

1,226 

100 

60 

HP.  forward. 

1                                    { 

37a"     13i 

„     after,    . 
LP.  forward, 

BaUnce  WeightB.    \ 

378       13) 
381       13i 

;;■ 

„    after,    . 

)                                        \ 

384      13^ 

... 

Figa.  216,  215a,  2166  are  for  finding  the  bob  weights  j 

Figs.  216,  216a,  2166  for  the  H.P.  and  L.F.  forwaid  balance  weights. 

Figs.  217,  217a,  217&  for  the  H.P.  and  L.F.  after  balance  weights. 

Fig.  218  finds  the  resultant  of  the  vertical  fue  force  \yj  using  the  sum  of 
the  reciprocating  and  rotating  parts. 

Fig.  219  finds  the  resultant  of  the  vertical  free  force  of  all  the  bob  and 
balance  weights. 

If  the  work  is  done  correctly  these  two  resultants  will  be  fouod  to  btt 
equal  and  opposite  to  each  other. 

The  figures  and  construction  will  be  found  self-ex plauatorf  after  reading 
pars.  9  and  10. 

12.  So  lar,  it  has  been  seen  that,  in  order  to  balance  an  engine,  it  is  only 
necessary  to  know  the  relative  values  of  the  inertia  forces  and  not  the  actual 
value.  But,  in  order  to  compare  one  design  of  an  engine  with  another,  it  is 
necessary  to  know  the  actual  values  (or  at  least  relative  values  referred  to  a 
oommon  basis)  of  the  resultant  disturbing  forces  and  couples. 

For  instance,  in  comparing  submitted  designs  of  engines  for  any  particular 
ship,  it  is  obvious  that,  in  a  general  sense,  the  less  the  resultant  forces  and 
couples  are,  the  less  the  vibration,  and,  therefore,  the  better  the  engine. 

Referring  to  par.  4,  et  »eq.,  dealing  separately  with  the  inertia  of  the 
various  parts,  and  having  balanced  the  engine  as  perfectly  aa  practically 
possible,  it  will  be  seen  that  the  disturbing  forces  let^  unbalanced  are  : — 

For  the  piston,  rod,  and  crossbead  a  vertical  force ^ —    , 


For  the  connecting-rod  a  vertical  force 


M.  V*    n    cos  2  i 


ogle 
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For  the  valv«  gear  there  U  »  rerr  minate  quantity,  vfatch  is  a  function  ol 
i  i  uid  the  higher  malUplea  of  I,  and  which  ma;  verjr  reaaonablj  be 
neglected. 

The  reaidnal  resultants  in  the  oases  of  the  single  cylinder  engine  will 
now  be  considered  and  the  methods  and  principles  of  constrocting  tfafl 
variona  resaltante  will  applj  equally  well  to  a  malti- cylinder  engine. 

13.    Cat  1  (corresponding  to  Case  1,  p.  5S3). — The  residual  rertic^ 

inertia  foroe  isxcOB  2  I  where  a:o*(M,  +   j  connecting-rod^ andiscoa- 

stant.  There  is  no  residual  couple,  seeing  that  the  very  small  force  left 
from  the  valre  gear  is  neglected. 

Put  ' — 0,  then  ooa  2  i=l  and  x  is  the  amplitude,  par.  3,  of  the  force,  and 
is  the  quantity  that  can  be  nsod  for  oomparatire  purposes. 

To  draw  the  curve  a;  cos  2  #,  it  is  easier  to  do  so  graphically  than  to  go  to 
the  labour  of  calculating  ordiuates  for  various  values  of  i.  Draw  a  qoadruit 
of  a  circle  of  radias  z  to  any  suitable  scale  (fig.  220).  Divide  the  arc  into  a 
convenient  number  of  parts  and  drop  perpendiculars  on  to  the  axis  O  X  as 
shown.    Draw  a  base  line  A  B  and  divide  it  into  twice  the  number  of  parts 


J^^. 


Fig.  220; 
the  complete  circle  is  divided  Into,  because  the  curve  has  'two  periods  per 
revolution.  Mark  the  divisions  and  d^reee  and  erect  pen>endicnlars  to  AB 
through  the  division  points  as  shown.  Mark  off  Al  =  01,  b2  =  b2,  c3  =  ci, 
and  so  on.  Then  the  curve  through  E^  3,  F  is  the  required  curve,  the 
ordinates  of  which  give  the  residual  resultant  disturbing  or  unbalanced 
inertia  force  at  any  position  '  of  the  crank  from  the  top  centre.  The  curve 
of  resultant  moment  about  any  reference  phuie  may  be  drawn  in  a  similar 
manner — for  instance,  that  pUne  through  a  node  of  the  ship.  As  in  this 
case  the  engine  is  overbalanced  horizontally  there  is  a  resido&l  horiiontal 
disturbing  force. 

Let  the  resultant  of  the  balance  weights  Wj  and  W,  be  W,  (fig.  231). 
Also,  let  the  resultant  of  the  rotating  parts  of  the  engine  be  R,  both  these 
resultants  beingdrawn  in  their  proper  relation  to  the  crank.  Find  the 
resultant  R„  of  W.  and  R.  It  makes  an  angle  ^  with  the  crank — that  is  to 
say,  its  phase  is  f  *  before  that  of  the  crank  (pars.  2  and  3). 

Then  the  resultant  horizontal  force  is  R^  —  sin  (#  +  ^), 
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Since  the  resultAnt  is  f  °  in  front  of  the  crank,  and  also  aince  the  axis  of 
reference  ia  90*  in  front  of  the  rertic&l  axis,  the  ordinate  of  maximnm 
amplitude  is  (^  +  90)*  in  front  of  the  ordinate  B,  and  ia,  therefore,  drawn 
through  the  point  C.  Divide  the  base  line  off  again  as  before,  bat  the 
nnmber  of  divisions  is  the  same  aa  that  of  the  complete  circle,  as  there  ia 
here  only  one  period  per  revolution.  Draw  the  circle  4,  5,  6,  and  aet  oS 
the  ordinates  as  before.  Then  the  curve  D^G  {fig.  320)  ia  the  required 
curve,  the  ordinat«s  of  which  give  the  residual  resultant  horizoiiLal  un- 
balanced force  at  any  position  i  of  the  crank  from  the  top  centre. 

Case  2. — Engine  balanced  perfectly  horizontally.  Here  there  ia  no 
residual  horizontal  force,  and  the  curve  therefore  coincides  with  the  base 
line,  the  amplitude  alwaya  being  zero. 

In  a  vertical  direction  there  is  atill  the  residual  force  x  coa  2  d  aa  in  caao 
1,  but  now  there  ia  an  additional  force  due  to  the  difference  between  the 
resultant  of  the  weights  required  for  vertical  balancing  and  those  that  have 
been  fitted  for  horizontal  balancing. 

Let  Wj  Wj  be  the  weights  aa  fitted,  and  W^  their  resultant  (%  222). 


t 


Fig.  221.  Fig.  222. 

OO  ia  the  resultant  of  the  reciprocating  parts  of  the  engine  as  drawn  in 
fig.  211a  (function  of  S).     Find  the  resultant  of  O  0  and  W,t  '^  K.- 

Then  the  resultant  inei-tia  force  vertically  ia  B,—  cos  (tf  ->•  7)  +  «  coa  2  A 

Although  in  Oaae  1  it  was  not  absolutely  necessary  to  draw  the  curve  of 
force  for  oomparative  purpoaes,  it  is  necessary  here,  because  the  maximum 
amplitude  of  the  reaultant  is  not  the  sum  of  the  two  amplitudes  in  the 
above  expression. 

Draw  the  curve  R,  —  cob  (i  +  7),  noting  that  its  phaae  ia  7'  in  iront 

of  the  curve  x  coa  2  I. 

Draw  the  curve  xoosZi. 

The  reaultant  ia  the  anm  of  the  ordinatea. 

Theae  curves  are  drawn  in  fig.  223, 
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The  tot»l  ftmplitdde  H  K  is  thkt  required  for  compftntive  purposes. 

This  m-iy  seem  on  first  reading  a  rather  Uborions  process,  but  if  the 
principtea  be  tboroughlj  understood  it  will  be  found  to  be  many  times  more 
rapid  than  drawing  the  curves  by  cslcnlating  the  ordiuates  for  various 
positions  of  the  cnjik. 

Caae  3. — Engine  balanced  completely  hcoizontally  and  Tcrtically. 

Here  the  residual  horizontal  foroe  is  zero,  and  the  residual  vertical  force 
is  the  SHme  as  that  in  Cmc  1. 

The  cnrres  just  drawn  are  for  a  velocity,  f^  of  the  crank  pin,  correspond- 
ing to  a  certain  number  of  reTolutions,  H,  per  miante. 

The  amplitude  for  any  other  number  of  resolutions,  Nj,  will  be  that  just 


found  multiplied  by  (W)  • 


11  Carres  of  Free  Force  and  ConpleB  for  a  Haltt-Crank  Engine.— This 
will,  as  in  the  oa«e  of  balancing  (par.  11),  be  illostmted  by  means  of  the 
example  of  a  three-cylinder  engine — 

Let  M,  —  weight  of  H.P.  reciprocating  parts. 
Ml-  „     M.P. 

M,-  „    LP.  „  „ 

1.  Frte  Force. — Asthe  engine  is  as  perfectly  balanced  as  possible  in  both 
vertical  and  horizontal  directions,  the  rertioa  free  force  will  only  be  the 

resultent  of  the  three  residual  forces  M,  —  oos2',H,  —  cob2('  +  120*], 

^  ^grt  •     V* 

M,—  COB  2  (J  +  240'). 

For  ooavenience  let  the  constants  M,  — ,  U,  — .,  M,  —  ^x,y,a 
'  yrs'       *  gri       ■  gri      ^" 
respectively. 

Draw  axes  OX,  OY  (flg.  224)  and  let  the  H.P.  crank  be  along  O  Y. 

In  finding  the  resultant  of  the  above  three  inertia  forces  or  harmonio 
l^notioDS,  note  particularly  that  the  angles  between  the  generating  lines  are 
not  the  same  as  the  angles  between  the  cranks,  because  the  forces  are 
functions  of  2  *.  From  A  to  B  {fig.  225),  which  is  180*,  really  represents 
360',  as  far  as  the  cnrves  are  ooncerned,  and  the  sequence  of  the  generating 
lines  is  as  if  the  H.P.  were  leading  instead  of  the  L.P. 

Then  in  fig.  234  the  generating  tines  are  in  the  order  as  shown.  Find 
the  resultant  O  R  by  the  polygon  as  shown  (par  3). 
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llien  t>h«  resultant  virtual!;  leads  the  H.P.  generatiag  line  b;  a*,  or  when 
referred  back  to  the  real  degree  scale  (fig.  225)  b;  4-- 

Tlie  ordinate  of  roaximnm  amplitude  of  the  resultant  therefore  p:t8sea 
through  the  point  C,  and  not  through  the  point  D,  where  it  would  if  the 
generating  lines  were  in  the  same 
sequence  as  the  cranks. 

Draw  a  quadrant  of  a  oirole  of 
radius  «R  and  set  off  the  resultant 
curve  ae  previously  explained. 

The  engine  being  balanced  per- 
fectly horizontally  the  amplitude  of 
the  resultant  force  is  zero,  and  the 
curve  coincides  with  the  base  line. 

If  the  engine  were  not  com- 
pletely balanced  horizontally,  the 
residiul  resultant  horizontal  force 
would,  of  course,  be  a  function  of 
i,  and  the  generating  lines  would 
have  the  same  sequence  as  the 
cranks. 

2.  CoupUa. — As  there  are  three 
centre  lines,  and  a  residual  vertical 
force  along  each,  there  will  be  a 
residual  resultant  couple  on  the 
engine.  The  moment  of  the  couple 
the  position  of  the  reference  plane,  and 


Hi   of  ( 


,  vary   according   to 


order  to  compare  one  design 
of  an  engine  with  another  some  common  method  of  locating  the  reference 
plane  is  necessary. 

The  Admiralty,  in  their  recent  specifications,  require  it  to  be  through  a 
point  on  the  shi^t  midway  between  the  extreme  cranks,  and,  considered 


generally,  this  is  a  very  reasonable  point  to  select,  because  it  mokes  the 
length  of  tlie  engine  have  a  minimum  influence  on  the  value  of  the  couple, 
and  also  causes  the  plane  to  be  at  about  tlie  same  position  in  the  ship,  what- 
ever the  design  of  the  engine  may  be.  This  point  ia  thus  suited  for  mariue 
engines,  but  for  land  engines  it  is  advisable  to^select  a  point  that  will  enable 
a  stricter  comparison  to  be  made.    This  puint  should  be  at  what  is  termed 
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in  Ui«oret)c«l  mechanics  "the  centrkl  azia'  of  the  conple.  To  explain  thia, 
let  P'-OO  be  the  resultant  force  (fig&  311a  and  2116),  and  O  C^  the 
resultant  couple  referred  to  anj  arbitrary  plane  O  Y.  Besotve  the  ooople 
ID  and  at  right  angles  to  the  direction  of  the  force  F. 

Replaoe  the  couple  0« — that  is,  in  the  same  phase  plane  as  the  force — by 
auother  equal  couple  but  having  each  of  its  forces  equal  to  F.  Thus  P  A  =  0« 
(figs.  211a  and  211ft).  Then  F  and  -  F  on  the  reference  plane  cancel  each 
other,  leaving  a  force  F  on  the  new  reference  plane  distant  A  fi-om  the 
original  one  and  a  couple  eO,  having  ito  phase  at  right  angles  to  the  force 
tnd  to  the  original  couple. 

Taking  the  case  of  the  engine  in  par.  9,  let  the  wmghts  F^S,  Q^S. 
llso,  let  a— 1,  b  —  T,  and  a  as  drawn. 

Then  the  resultant  force  ¥=   7-3xcos(4  +  d) 
and  the  resultant  couple  O  C,  -  27  -8  as  cos  {*  +  «.). 

Where  x  =  —  and  uf^lecting  the  obliquity  of  the  connecting-rod. 

The  r«solntes  0«  and  tfO,  are  27-2  x  cos  {l+i) 

and    D'6  xtm  {i  +  i)  respectively. 

Then  27-2 « cos  (1+3)       ,_„       . 

-7-2  «  cos  (V  3)  "  ^'^^  ■  *■ 
Thus  the  central  axis  is  3-78  from  the  reference  plane,  and  the  resultants  of 
the  system  are  a  force  7'2  x  cos  (4+3)  acting  in  the  plane  of  the  central 
axil  or  new  reference  plane,  and  a  couple  5-8  x  sin  (i+  3). 

The  couple  is  always  a  minimum,  and  the  central  axis  is,  of  ooursOi 
always  through  the  some  point  on  the  shaft,  and  therefore  a  reference  plane 
which  contains  the  central  axis  of  the  system  is  suitable  for  standard 
comparisons. 

With  this  slight  digression  the  consideration  of  the  residual  couples  on 
the  three-crank  engine  will  now  be  proceeded  with.  The  couple  about  on 
arbitrary  plane  must  be  taken  first. 

The  moments  of  the  residual  vertical  forces  are — 

M,  —  a  .  cos  3  #    -     -      "SB,  asy, 
Mj  ^  &.  coe2(fl  +  120')  =  y^ 

M.  —  0  .  co8  2(*  +  240)  -  «,. 

Where  a,  h,  e  are  the  distances  of  the  centres  of  engines  from  the  reference 
plane  respectively.  Their  signs  must  be  according  to  the  direction  in  which 
they  are  read. 

Since  the  curves  are  sU  fHmctions  of  2  4  the  same  remarks  apply  to  the 
sequence  of  the  generating  lines  in  the  polygon  as  for  the  free  forces.  The 
resultant  may  be  found  oud  the  curve  drawn  in  a  similar  manner. 

If  it  be  desired  to  find  the  couple  about  the  central  axis  plane  the  process 
explained  above  may  then  be  proceeded  with.  The  phase  of  the  resultant 
couple  will  then  be  90*  in  advance  of  the  original  one,  and  will,  of  course, 
have  a  different  amplitude. 
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Aa  there  is  no  horizontal  force  there  is,  cooseqnentlj,  no  horizontal 
conple. 

If  the  engine  be  not  completely  balanced  for  functions  of  i  in  the  vertical 
direction,  then,  in  addition  to  the  residual  Feaultanta  above,  the  resultant  of 
the  "single  period"  (d)  forces  and  couples  must  be  found  separately  and 
their  ordinates  added  to  those  of  the  "double  period  "  (2  V)  graphical]]^,  as 
explained  in  Case  2,  par.  13. 

IS.  The  Effect  of  Inertia  and  Weight— &en«ra/  Cate,  Supplement  to  the 
Semarka  tn  the  Introduction  to  this  Chapter. — It  has  been  shown  that  the 

vertical  inertia  force  at  anr  instant  is  -  ^ (cos*  +  ). 

If  this  force  is  divided  by  the  area  of  the  piston  the  inertia  pressure  per 
square  inch  will  be  found.  The  effective  pressure  on 
the  piston  is  therefore  the  algebraic  aunt  of  the  steam 
and  inertia  pressnres,  and  if  the  dead  weight  of  the 
parts  be  included,  the  weight  divided  by  the  piston 
area  must  be  added  algebraically  as  well. 

Considering  the  in^riia  force  alone,  M  above  ia  the 
total  weight,  including  the  rotating  parts;  but  the 
revolving  parts  have  also  a  horizontal  acceleration, 
and  the  horizontal  inertia  force  resolved  tangentially 
to  the  crank  path  is  equal  and  opposite  to  the 
vertical  inertia  force  of  the  rotating  parts  resolved 
tangentially.  HiIb,  of  course,  should  be  so,  because 
the  crank  has  no  tangential  acceleration.  There  is, 
therefore,  no  alteration  produced  in  the  effective 
twisting  moment  by  the  inertia  of  the  rotating  parts, 
and  the  weight  of  the  reciprocating  parts  need  only 
be  used  for  obtaining  the  inertia  pressure  on  the 
piston.  U,  in  the  above  formula,  wit)  therefore  be 
the  weight  of  the  reciprocating  parts  M,. 

It  is  easily  shown  that  the  twisting  moment 
on   the  shaft  due  to  an  effeotiTe  pressure  on   the 


TM  = 


°(tf+") 


or,  taking  the  second  approximation  to  the  series 
case  of  the  acceleration  (par.  1), 


(fig.  226), 

a  terms  of  4,  as  in  the 


TM.Pr(.m<  +  '-i5^'). 


In  order  to  combine  the  inertia  curve  with  the  indicator  diagram  or 
steam  pressure  curve,  the  same  spacing  of  ordinates  for  each  must  be 
adopted.  If  the  inertia  curve  be  drawn  with  indicator  diagram  spacing  ol 
ordinates  (that  is,  the  absclsMe  are  proportional  to  the  distance  of  the  piston 
from  the  end  of  the  stroke)  instead  of  abscissn  proportional  to  i,  it  will 
assume  the  form  shown  in  fig,  2276  by  the  line  OK.  If  cos  2 4  or  the 
obliquity  of  the  connecting-rod  be  neglected,  the  carve  will  be  a  strught 
line.  The  ordinates  must  of  course  be  to  the  same  scale  as  the  steam 
pressure  ordinates. 

Considering  the  dead  weight  alone  of  the  moving  parts,  the  reciprocating 
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parts  having  their  motion  controlled  by  the  connecting-rod  most  necessarily 
nave  their  weight  added  algebraically  to  the  inertia  force.  But  the  rotating 
parts  also  cause  a  twisting  moment  on  the  shaft  which,  if  M,  eqaal  their 
weight  at  radios  r,ia  equal  to  H,rsin  (d-vf),  where  f  is  the  angle  between 
the  resnltant  M,  of  all  rotating  maesea  and  the  crank.  If  there  are  no 
balance  weights  and  valve  gear  b«  neglected,  f  —  0.  M,  not  being  con- 
trolled by  the  length  of  the  oonneoting-rod  cannot  be  considered  as  being 
distribated  over  the  piston  area  (except  for  a  connecting-rod  of  infinite 
length)  and  the  effect  of  the  weight  of  the  rotating  part*  must  therefore  be 
considered  apart  from  the  indicator  diagram. 

Then  (fig.  227^)  the  weight  of  the  reciprocating  parte  being  a  constant 

qnantity,  set  off  H  0  -  --^  downwards  for  the  downstroke  and  upwards 

for  the  upstroke,  and  draw  a  curve,  H  N,  through  H,  parallel  to  the  inertia 
line,  0  K. 

Set  off  the  indicator  diagram  from  the  straight  baok  pressure  line,  A  B. 

Then  the  effective  pressure  on  the  piston  at  the  beginning  of  the  stroke 
is  not  A  F  but  H  F,  and  at  any  other  position  of  the  piston  the  effective 
presanre,  F,  is  given  hy  the  intercept  between  the  curves  F  Q  E  and  H  N, 
And  similarly  for  the  upstroke,  due  note  being  taken  of  the  algebraic  sense 
of  the  various  pressures. 

The  total  effective  twisting  moment  at  any  instant  is  now — 

P 1 '  may  he  calculated  in  a  semigraphioal  manner  as  follows  :— 

Let  the  crank  be  at  O  H  (fig.  226),  then 

Fr"°^y^»PxOO. 

Also,  when 

f  is  0,  then  M:,r  sin  J  -  M,  x  D  0. 
16.  An  example  of  Case  I,  p.  653,  will  now  be  considered. 
Although  it  is  very  necessary  to  include  the  valve  gear  when  balanoing, 
it  is  rather  an  unnecessary  elaboration  to  consider  its  influence  on  the 
twisting  moment  diagram  as  it  is  so  very  small,  unless,  of  oourse,  the  gear 
be  abnormally  heavy  : — 

Let  Mj  =  400  lbs.  (reciprocating), 
M,  -  200  Iba.  (rotating). 
Bevolntions  =  200  per  minute. 
13-inch  cylinder,  12-inch  stroke. 
Oonnecting-rod  2  feet  centres. 
Position  of  fittings  on  shaft  as  in  fig.  211. 
Then 

V   =     10-47  feet  per  second. 
vi  -  109-6 

24  inobes       • 
6  inches 


241, 
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The  valaea  of  the  inertu  presBore,  Jkc,  for  evei;  30  degrees  of  the  cruik 
are  tabaUted  below  (fig.  S27,  a,  6,  c,  (2,  e) :— 
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To  find  9,  let  OC,  (figs.  211a  and  2275)  be  the  resultant  of  the  balance 
weights  and  OjR  eqaaJ  weight  of  rotating  parts  (200  Ibe.)  then  O  R  is  their 
resultant. 

Draw  the  onrre  O  R  sin  #  (fig.  2176). 

SetoffSD-  ft  then  Da  »  OR  lin  (I  +  p),or  M,sm  («  +  p). 

Fig.  227e  is  the  effectire  twisting  moment  diagram. 

17.  The  area  of  the  final  twisting  moment  diagram  is  proportional  to  the 
work  done,  and  although  its  form  tuis  been  modified  hy  ibo  inclnsipn  of  the 
inertia  and  weight,  the  area  remains  the  same  as  if  the  steam  pressure  alone 
were  oonsidered 

This  also  follows  from  the  principle  of  conservation  of  energy. 

If  the  engine  be  balanced  completely  horiEontally,  and  not  vertically  as 
in  Case  1,  the  inertia  and  weight  pressures  from  the  reciprocating  parte 
are  the  same  as  above,  but  the  moment  of  the  weight  of  the  rotating  parts 
is  zero  at  all  positions  of  the  crank. 

If  the  engine  be  balanced  by  bob  weights  (two)  then  the  inertia  of  these 
must  he  considered  exactly  as  if  there  were  two  extra  cylinders  in  the 
engine,  the  only  difference  being  that  there  is  no  steam  diagram  to  combine 
with  their  inertia  diagram. 

The  foregoing  process  applies  equally  well  to  a  multi-crank  engine. 

The  reciprocating  weighta  and  inertia  pressures  must  be  found  separ- 
ately for  each  cylinder,  and  the  resultant  horizontal  weigh t- twist ing  moment 
for  the  whole  engine  combined  with  the  resultant  twisting  moment  due  to 
the  effective  piston  pressures. 

18.  Stresses  dae  to  Inertia-^As  the  stress  in  a  given  piece  of  machinery 
is  due  to  the  effective  load  applied  to  it,  it  therefore  follows  that  inertia 
and  dead-weight  loads  should  be  added  algebraically  to  the  steam  loads 
when  finding  the  stresses  in  those  parts  that  are  subject  to  them. 

In  very  slow-running  engines  the  effect  of  inertia  is  inappreciable,  and 
may  therefore  be  neglected,  but  in  quick  revolution  and  high-pbton-apeed 
en^nes  its  effect  must  not  be  lost  eignt  of. 
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Starting  at  the  piaton,  the  first  section  to  be  dealt  with  ia  through  the 
piston-rod  thread.  The  inertia  force  here  ia  that  due  to  the  weight  and 
acceleration  of  the  piston  and  not  of  the  whole  of  the  moving  parts.  The 
stress  in  the  thread  onl^  comes  into  play  on  the  upstroke,  and  the  effective 
pressure  on  the  piston  is  the  intercept  between  the  steam  and  weight  lines 
as  shown  above. 

Similarl;,  the  stress  at  an^  section  between  the  top  of  the  piston  and  the 
centre  of  gravity  of  the  connecting-rod  may  be  found,  the  inertia  line  being 
coustmoted  from  the  weight  of  the  parte  above  the  section. 

Aa  a  rule,  the  fsctor  of  safety  allowed  for  marine  engines  of  the  ordinary 
type  amply  oovers  the  additional  stresses  due  to  inertia,  and  an  engine  that 
is  well  designed  for  static  stresses  may  generally  be  considered  to  be  strong 
enough  t«  provide  for  dynamical  stresses  as  well 

Beferring  to  fig.  2276,  it  will  be  observed  that  the  inertia  line  tends  to 
make  the  effective  pressure  constant  throughout  the  stroke. 

For  engines  of  normal  scantlings  and  speed  the  maximum  effective 
pressure  usually  occurs  at  about  two-thirds  the  stroke  from  the  beginning. 

As  the  weights  of  moving  parts  are  rarely  available  when  an  engine  ia 
being  designed,  and  as  there  are  also  no  indicator  diagrams  to  refer  to,  the 
following  approximate  formula  for  finding  the  maximum  efieotive  pressure  is 
given.     This  formula  includes  the  total  weight  of  reciprocating  parte. 
Letp.  K  mean  pressure  of  steam  for  that  cylinder 
from  the  proposed  I.H.P., 
Pf  c  maximum  eifective  pressure, 
X  —  length  of  stroke  in  feet, 
N  «  revolutions  per  minute, 

ft  -  y.  +  -0000386  N»  L». 
The  formula  applies  to  the  low-preaaure  cylinder  for  enginea  where  there 
ia  only  one  low-pressure  cylinder.  If  there  are  two  low-pressure  cylinders, 
then  the  medium  pressure  should  be  taken.  It  is  not  suitable  for  high- 
pressure  cylinders  of  compound  expansion  engines,  but  this  does  not  detract 
from  the  value  of  the  formula,  because  the  maximum  loads  generally  occur 
in  the  above  mentioned  cylinders. 

Example. — To  find  the  maximum  effective  pressure  that  may  be  expected 
on  the  low-pressure  piston  of  a  triple-expansion  engine  of  1500  I.H.F.,  150 
revolutions,  64-inch  low-pressure  cylinder,  2  feet  stroke — 
_        1500  X  33,000 
^-       3  X  2290  X  2  X  2  X  150 
=  12-QO  lbs.  per  square  inch. 


—  15-47  tba.  per  square  inch. 
Example. — To  find  the  diameter  of  the  connecting-rod  bolts  (two)  for  the 
above  engine,  allowing  a  stress  of  6000  lbs.  per  square  inch — 

Maximum  working  load  on  piston  =  2290  x  16-47  =  35,426  lbs. 

s — '.ATrT.-  <-  3'64sqoBre  inches  at  bottom  of  thread, 
2  X  6000 

B  2i-inch  bolts. 
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IS.  The  DeslSQ  of  Balance  Wel^tS.— As  a  rale,  and  more  particuUrlj 
with  two  and  four-crank  engines,  tho  great  difficulty  to  contend  with  is  b«ng 
able  to  get  the  required  mass  in  the  space  available. 

With  a  uniform  thickness  and  external  radius  there  is  a  limiting  length 
of  waight  (circular  arc)  bevond  which  anj  inoreaBe  of  mass  makes  the  total 
maaa  less  eSeotive.  The  limit  varies  according  to  the  shape  of  the  weight 
and  the  angle  which  it  makes  with  the  crank. 

When  ^e  weight  is  homogeneous  and  fairly  opposite  the  orank  ita  length 
should  not  subtend  a  greater  angle  than  120",  and  in  no  case  more  than  140°, 
at  the  centre  of  the  shaft.  When  inclined  at  a  considerable  angle  to  the 
crank,  as  shown  in  figs.  228  and  229,  its  length  should  not  Bnbtend  more 
than  90*,  on  account  of  the  long  arm  for  attaching  to  the  crank  web — for 
any  eztensiun  of  length  beyond  these  limits  causes  the  centre  of  gravity 
to  approach  the  centre  of  the  shaft  at  a  greater  rate  than  the  mass  Is  ia- 


Por  composite  weights,  as  in  figs.  238  and  229,  the  angles  sahtended 
with  the  centre  of  shatt  may  be  increased  about  6*  above  those  given  above. 

The  material  of  which  balance  weights  are  made  depends,  to  a  great 
extent,  on  the  manner  in  which  they  are  attached  to  the  orank-webs. 

In  small  engines,  and  when  the  weights  of  the  moving  purts  are  obtain- 
able at  the  time  the  crank  shaft  is  designed,  and  when  the  crank-shaft  is  a 
built  one,  the  weights  are  very  often  forged  as  part  of  the  webs. 

Oircum stances,  however,  generally  necessitate  loose  balance  weights 
being  fitted. 

A  neat  and  compact  method  of  attachment  is  shown  in  figs.  238  and 
329,  and  consists  of  forging  small  lips  on  the  crank-webs,  over  which  the 
weights  are  keyed. 

The  material  the  weights  are  made  of,  when  this  method  of  attachment 
is  adopted,  must  necessarily  not  be  of  a  short  nature,  and  should  either  be 
forged  or  cast  steel  of  a  low  tensile  strength. 

The  Admiralty  and  a  few  other  owners  will  only  accept  forged  material, 
but  there  is  no  reason  why  a  suitable  oast  steel  should  not  be  used  for  them. 
Id  fact,  it  has  been  used  successfully  by  the  author.  The  advantage  of  a 
cast  weight  lies  in  being  able  to  make  it  in  tbe  form  of  a  shell  which  may 
be  filled  with  lead,  the  materials  thus  being  most  advantageously  disposed 
and  the  weight  being  of  the  smallest  possible  dimensions.  It  is  also, 
generally,  leas  expensive.  This  is  shown  in  fig.  228.  A  foiled  balance- 
weight  is  shown  in  fig.  229.  Tbe  most  convenient  method  of  manufacture 
is  to  shape  them  with  a  baud-saw  out  of  rolled  slabs.  Parts  of  the  forging 
may  be  drilled  ont  and  filled  with  lead  as  shown,  but  at  best  this  is  an 
expensive  addition  and  hardly  worth  the  extra  labour,  as  the  quantity  of 
lead  that  can  be  introduced  is  necessarily  only  a  small  fraction  of  that  in 
fig.  228.  Oast-iron  weights  are  used  to  a  great  extent  on  high-speed  land 
engines,  and  to  a  less  extent  for  marine  work.  A  cast-iron  weight  cannot 
be  relied  on  if  held  on  by  lips  as  in  figs.  328  and  239,  and  tbe  usual  method 
of  attachment  is  by  strapping  it  on  as  shown  in  fig.  230.  The  casting  may 
be  cored  ont  and  tilled  with  lead  if  the  small  space  available  for  it  makes 
it  advisable. 

Cast-iron  weights  with  its  straps  and  fittings  are,  on  the  whole,  mnch 
cheaper  than  either  cast  or  forged  steel,  and  there  does  not  seem  to  be  mnch 
reason  why,  beyond  being  somewhat  clumsy  in  appearance,  they  should  not 
be  uned  to  a  greater  extent  than  they  are. 
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Id  oil  caaet  the  lijA  or  strapi  mast  be  made  strong  enongh  to  take 
the  oentrifngal  force  of  the  balance  weight,  together  with  the  deadweight 
itMlf.  If  Btroag  enough  for  this  the;  will,  in  general,  be  found  strong 
enough  to  resist  the  impulsiTe  force  on  them,  dne  to  the  engine  being 
■nddenlj  started  or  stopped. 

It  is  not  expedient  in  a  manual  of  this  kind  to  devote  more  space  than 
the  foregoing  to  the  problem  of  balancing.  Literatare  on  this  subject  is 
exoeediogly  voluminous  and  fairly  acoeseible.  The  aim  of  this  chapter 
has  been  to  place  the  elementary  and  practical  principles  before  the 
Student  in  toch  a  manner  that,  should  he  desire  it,  he  wonid  have  no 
difficulty  in  pursuing  the  subject  more  profoundly  from  the  many  highly 
mathematics  papers  extant. 

For  instsjice,  slight  mention  only  has  been  mode  of  the  Tarrow-Scblick- 
Tweedy  system  of  balancing.  This  is  a  system  only  applicable  to  an  engine 
with  not  less  than  four  cranks,  and  the  essential  feature  is  that  the  weights 
of  moving  parts  in  conjunction  with  the  position  of  cranks  are  so  arranged, 
that  the  parts  balance,  or  nearly  balance,  themselves  without  the  introdno- 
tion  of  heavy  weights. 

Sometimes  small  rotating  balance  weights  are  fitted  to  the  cranks,  thtar 
special  purpose  being  to  assist  in  balancing  residnal  horizontal  forces  and 
couples,  it  being  difficult  to  arrange  a  complete  vertical  and  horizontal 
balance  by  the  various  moving  parts  inter  te.  The  student  will  easily 
rect^nise  that  any  two  of  the  piston  lines  are  really  acting  as  bob  weights 
for  the  other  lines,  and  he  will  have  no  difficulty  in  applying  the  principle 
of  closed  polygons  already  described  to  the  forces  and  couples. 

By  this  system  it  is  also  possiUe  to  balance  the  secondary  forces  and 
couples  (functions  of  2  i)  as  well  as  the  primary,  and  there  have  been 
several  exceedingly  ingenious  geometrical  methods  of  doing  this  published. 
Their  great  drawback,  however,  is  that,  as  a  rule,  they  neglect  valve  gear, 
and  it  is  labour  wasted  to  treat  part  of  the  problem  by  a  refined  mathe- 
matical process,  because  of  its  susceptibility  to  exact  calculation  and  ignore 
parts  comparatively  massive,  such  as  the  valve  gear  of  the  modem  marine 
engine,  which  seem  to  be  far  more  important. 

Solutions  are  to  be  found  including  all  the  elements  (with  necessary 
assumptions  such  as  given  on  p.  556);  they  are  necessarily  complicated,  but 
with  a  fair  amount  of  patience  and  scheming  they  may  be  arrived  at 

The  methods,  short  cuts,  &o.,  of  attacking  the  problem  will  suggest 
themselves,  as  he  proceeds,  to  the  designer  who  has  got  a  thorough  grasp  nf 
the  principles  involved. 
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■ATBBIALS   USED   BT  THB   MABINB   BNOINSBR. 

In  evfliy  ship  the  wewht  of  the  machinery  U  of  some  consideration,  and  in 
many  anipa  it  is  of  t£e  utmost  importance  that  it  be  as  light  as  possible. 
Beduction  in  weight  can  only  be  made  by  using  material  of  superior  strength, 
and  by  so  designing  the  engine  as  to  be  able  to  employ  such  materials. 
The  most  marked  advances  in  marine  engineering,  both  in  the  size  and 
quality  of  the  work  turned  out,  ore  in  great  measure  due  to  the  superior 
materials  now  available,  and  to  the  means  possessed  for  converting  them  to 
the  engineer's  requirements.  Steel,  which  was,  only  a  few  years  ago,  a  com- 
paratively expensive  material,  has  now  practically  displaced  iron,  and  that  in 
most  instances  on  the  score  of  cheapness.  Kot  onlv  is  the  price  of  steel  now 
80  low  that  it  can  compete  successfully  with  iron,  out  steel  can  be  made  in 
such  laige  masses  at  sncb  comparatively  small  cost,  that  heavy  shafts  made 
4^  this  material  render  possible  the  immense  engines  recently  constructed  for 
the  large  ocean  steamers.  Kow  steel  allovs,  especially  nickel  steel,  are  being 
made  of  such  excellent  quality,  and  wim  such  high  elastic  limits,  that  for 
high-class  engineering  they  are  likely  to  displace  ordinary  mild  steel,  notwith- 
standing their  prices  being  so  much  higher.  Bronzes,  too,  have  commanded 
attention,  for  not  only  do  they  hold  their  own  for  special  purposes,  but  since 
certain  kinds  can  be  manufactured  with  as  high  a  tensile  Btreugth  as  steel, 
and  stand  hammering  hot  or  cold,  they  have  displaced  steel  and  iron  for 
such  puitKtses  as  propeller  blades,  parts  of  the  engines,  Sic,  in  spite  of  the 
very  high  price. 

Cast  Iron. — Although  steel  has  superseded  iron  in  many  ways,  cast  iron 
still  remains  as  the  material  most  largely  used  by  engineers.  Its  appearance 
is  so  well  known  as  to  need  no  description.  The  qualities  of  cast  iron  are 
very  numerous,  and  are  generally  known  by  the  district  from  which  the  ore 
is  obtained.  There  also  still  remains  a  distinction  from  mode  of  manufac- 
ture, as  "  cold  blast"  is  distinguished  from  "  hot  blast"  in  other  ways  than 
that  of  cost 

All  the  pig  iron  of  each  district  is,  as  a  rule,  <Uvided  into  seven  qualities, 
each  of  which  is  known  by  a  number ;  that  containing  most  free  carbon,  or 
graphite,  is  designated  No.  1,  that  containing  least  No.  7. 

Xo.  1  pig,  when  broken,  exhibits  a  very  coarsely  granular  fracture,  having 
dark  grey  scales  of  considerable  size ;  when  melted  "  it  runs  very  thin,"  that 
is,  becomes  extremely  fluid,  and  on  that  aoaount  is  used  for  ornamental 
castings  and  other  work  which  requires  a  sharp  outline,  or  is  of  very  little 
thickness.  It  is  not  used  much  by  marine  engineers,  except  to  mix  with 
other  kinds,  or  where  extreme  floitUty  is  necessary.  Castings  made  from  it 
are  very  soft  unless  they  are  so  thin  that  the  metal  has  changed  its  character 
in  the  mould  by  chilling.  The  carbon  here  exists  chiefly  in  the  form  of 
graphite  scales,  mechanically  mixed  as  it  were  with  the  iron  crystals. 

Xo.  £  pig  it  not  so  soft  nor  so  fluid  when  melted  as  So.  1,  but  is  still 
not  sufficiently  close  grained  for  general  use. 
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tfo,  S  pig  is  that  tuoally  employed  by  the  mAiine  engineer  tor  genenl 
pnrpoMH,  as  by  adding  some  of  No.  1,  a  mixtara  nutable  for  a  complicated 
casting  is  obtained,  and  by  adding  to  it  aome  of  No.  4,  a  bardor  and  doeer 
grained  casting  can  be  made. 

No.  4  P*S  ^  ^°^  muob  need  for  foundry  purpoaea,  except  aa  a  means  <d 
dofling  the  grain  and  hardening  the  metal  It  also  diflbrs  from  the  oti>er 
ntunbers  in  the  appearance  of  the  fraetnre ;  they  all  preaent  a  highly  crystat- 
line  fraetnre  of  a  aistJDct  grey  colour,  and  on  that  acooont  called  grmf  irtm  ; 
it  shows  as  a  grey  iron  at  tlie  fraotnre,  but  the  grain  ia  much  finer,  and  tliere 
is  an  abaenoe  of  the  coarae  grtqihitic  soalea  so  strongly  mailed  in  the  ottt^ 
three  numbers. 

No*.  6  and  6  are  not  used  at  all  for  foundrv  purposes,  but  made  for 
manafactnre  into  wrought  iron ;  on  this  aocoant  uiey  are  called  /t>rg«  iron*, 
and  as  the  fraotnre  is  still  somewhat  grey  in  places  it  is  called  "  grey  {or:ge,' 
to  diatinguiah  it  from  No.  7,  which  is  culed  "  white  forge,"  aa  tne  ^actare 
diaplaya  a  distdnotly  crysbdline  stmcture,  very  hard,  and  silveiy  white  in 
appearance.  The  carbon  in  this  case  is  wholly  combined  witii  t^e  iron 
chemically.  Nos.  S  and  6  often  preaent  a  mottled  appearance,  as  if  a  gr^ 
iron  and  a  white  iron  had  been  melted  and  imperfectly  mixed ;  it  is  on  liiis 
aecount  that  it  is  often  known  as  "  mottled  pig." 

It  is  often  customary  to  genenUise  and  recognise  only  three  varietiea  of 
pig  iron,  viz. : — No.  1  aa  grvy  iron.  No.  2  aa  nuMltd  iron,  and  No.  3  aa  vikita 
iron ;  Noa.  2  and  3  being,  of  coarse,  looked  on  as  "  forge "  iron,  and  No.  1 
as  "  foundry  "  iron. 

In  Great  Britain  there  are  many  kinds  of  pig  iron  used  by  moulders,  each 
called  by  the  district  where  the  ore  is  raised  ai^  smelted. 

Sooteh  Iron  is  deemed  the  best  for  foundry  purposes ;  if  is  very  uniforra 
in  quality,  of  good  strength,  and  will  mix  well.  There  are  various  braztda, 
those  of  Qartsherrie,  Olengamook,  Eglinton,  Carron,  kc,  Ac.,  being  best 
known.  The  No.  3  pig  is  most  generally  used  by  marine  engineers,  as  it  will 
run  sufficiently  fluid  to  make  any  casting,  and,  judidoosly  mixed  with  scraps 
it  can  be  depended  on  for  botii  closeness  of  grain  and  strength. 

Cleveland  Iron  is  used  very  much  in  the  Cleveland  dutriot  for  general 
work ;  it  is  harder  than  Scotch  iron,  but  does  not  possess  so  much  strength, 
nor  is  it  nearly  so  tongh.  A  mixture  of  Noa.  1  and  3  ia  used  for  targe  work 
reauiring  strength,  and  this,  when  melted,  posseeaea  fluidity  enough  for  the 
orainary  marine  castings.  Cleveland  iron  alone  is  not  fit  for  la^e  marine 
cylinders,  columns,  &o.,  but  with  the  addition  of  hiematite  and  scrap,  to  a 
mixture  of  Noe.  1  and  3,  a  good  casting  is  obtained  for  general  purpoaea. 

[•Incolnshlre  Iron  is  ^>out  equal  in  quality  and  general  description  to  t^e 
Cleveland. 

Staffordshire,  Torkthire,  Derbyabirt,  and  Welsh  Itodb  are  very  good,  and 
used  in  Uieir  own  districts  generally. 

Bfaropahire  Irons  are  very  gooa,  and  from  this  county,  Uonmout2i  and 
Stafford  the  famous  cold  blast  irons  are  obtained. 

Gnmberland  Iron  ia  made  from  keemtuite  ore,  and  the  pig  generally  goes  by 
the  name  of  "hsematite."  It  is  generally  used  for  steel-making,  bat  is  also 
employed  to  improve  other  irons  iox  foundry  use.  It  posseaaea  great  atTongth 
ana  toughness,  but  cannot  be  used  by  itself  for  foundry  purpoaea,  aa  it  doea 
not  run  well  when  melted ;  20  per  cent,  blended  with  good  Sooteh  and 
]Fngl"h  irons  makes  a  strong  mixture. 

Cold  Blast  Iron. — Iron  manufactured  with  air  at  the  ordiiutry  tempera- 


SFBCiriC  OBATITT  OP  OAST  IRON.  (tSl 

tuTG  ii  called  bj  this  name  to  distin^ish  it  from  the  generality  of  iroiu 
-which  are  made  by  heating  the  blast  to  about  700°  Fab.  The  hiest  koown 
ajid  moat  generallf  used  cold  blast  iroDS  are  "Blnnavtm"  and  "LilleabaU," 
^rhich  awe  part  of  their  excellencj,  no  doubt,  to  the  Kood  ore  from  whi<^ 
they  are  made.  This  iron  possesses  great  strength  with  clooeDeas  (rf  gnin, 
and  is  used  to  close  Uie  grain  and  strengthen  otiher  irons. 

Iron  Uiztnres. — All  cast  iron  is  improved  by  re-melting,  and  the  improve- 
ment continues  until  it  has  been  re-melted  as  manv  as  twelve  times ;  after 
this  it  fallii  off  in  strength'  ^o  important  casting  should,  therefore,  be  made 
from  new  iron  only,  and  such  as  cylinders,  pistons,  cylinder  covers,  ic, 
should  be  made  from  iron  wholly  re-melt«d  if  the  utmost  strength  is  to  be 
obtained.  This  mle,  however,  is  only  carried  out  when  the  thiokneas  of 
metal  is  cut  down  to  the  lowest  limit  to  save  weight. 

Cylinders,  &o.,  which  are  subject  to  shock  as  well  as  to  changes  of  tempera- 
ture and  severe  strains,  should  be  made  of  strong  tough  metal,  and,  since  a 
good  surface  is  required  to  withstand  the  wear  of  pistons  and  valves,  the 
metal  must  hare  a  close  grain.  Such  cylinders,  &c.,  should  be  made  of  a 
mixture  of  one-third  picked  scrap,  one-third  best  Scotch  No.  3  pig,  and  one- 
third  Bltenavon  or  Lilleehall.  If  the  casting  is  not  large  and  complicated, 
the  grain  may  be  closed  by  adding  picked  scrap  of  a  hard  nature  and  increas- 
ing the  amount  of  Bleenavon.  Some  moulders  add  hamatite  to  this  mixtura 
to  increase  the  strength,  but  this  is  not  often  done,  as  it  decreases  the 
fliudity. 

If  the  cylinder  is  to  have  liners  and  false  faces  for  the  vatves  to  work  on, 
it  needs  only  to  be  ttrong;  all  hard  materials  therefore  may  be  omitt«d. 

Cylinder  liners  and  &tlse  faces  require  to  have  a  fair  amount  of  strength, 
and  be  as  hard  as  consistent  with  capability  of  being  machined.  Scrap  iron 
of  close  grain  and  hard  nature  is  selected  to  add  to  best  Scotch  No.  3  pig  and 
Bbenavon ;  if  hard  scrap  cannot  be  obtained,  some  No.  4  pig  may  bike  its 
place ;  if  necessary,  even  a  small  portion  of  "  white  "  iron  may  be  added  to 
give  additional  hudness.  Hardness  and  strangtb  with  closeness  of  grain 
may  be  obtained  by  mixing  scrap  steel  (shearings  and  punchings  from  boiler- 
plates) to  the  extent  of  even  10  per  oent  As  the  metal  becomes  much  stiffer 
on  the  addition  of  the  steel,  only  thick  plain  castings  can  be  made  with  it. 
Propeller  blades  and  bosses  may  with  advantage  be  made  with  a  mixture  con* 
taining  steel  in  lien  of  hnmatite ;  the  quantity  of  steel  which  may  be  added 
for  this  purpose  depends  on  the  founders  being  able  to  melt  it. 

Foundations  and  other  large  masses  whiui  aro  necessarily  heavier  than 
absolately  needed  for  strength  may  be  made  of  a  poorer  mixture  than  suffices 
for  cylinders ;  but  as  they  are  liable  to  shock,  the  iron  most  be  of  such  a 
description  as  to  resist  this. 

Specific  Qravll?  of  Cast  Iron  varies  from  6886  to  7-269  ;  the  average  may 
be  taken  at  720.  The  weight  of  a  cubic  foot  is,  therefore  4&0  lbs.  and  a 
cubic  inch  0-26  Ih     A  square  foot  of  it  1  inch  thick  weighs  37-60  lbs. 

Strength  of  Cast  Iron. — The  following  is  the  result  of  some  careful  experi- 
ments made  at  Woolwich  Arsenal  some  years  ago  : — 

HlnlmDm  Hulmom.  ATengs. 

Tensile  strengtfi  per  square  inch,  4-85  tons.  14-05  tons.     7'36  tons. 

Transverse  „        „  „  1*37    „         4-47    „ 

Toraional     „         „  „  1-74     „  3-44     „ 

Crashing     „        „  „         22-64    „  66-42    „      50-00   „ 

Shearing      „        „  „  ...  ...  12-00 
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Good  cut  iron  made  W  mixing  qwditiee  anitable  for  nurine  work  should 
have  an  nltimate  tensile  strength  of  20,000  lbs.  and  realBtanoe  to  crushing 
of  110,000  lbs.;  a  bar  1  iaoh  aqnare  and  36  inches  tang  ahonld  deflect 
^  inch  without  breaking  with  a  load  of  800  lbs.  at  the  middle 

Wnogbt  Iron. — This  material,  which  is  very  nearly  pure  iron,  is  made 
exdnsively  in  tiaa  country  by  the  "  indirect  process  " — Ui&t  is,  mannfactored 
f  rcon  cast  iron  by  the  process  called  puddling.  The  old  methods  of  obtaining 
malleable  iron  direct  from  the  ore,  henoe  called  the  "  direct  prooess,"  aie 
practised  only  by  semi-savage  tribes,  or  in  regions  inaccessible  to  genual 
trade.  The  Siemens  method  of  manufacturing  steel  is  to  some  extent  a 
reversion  to  the  "  direct  process,"  and  the  product  is  sometimes  properiy 
called  ingot  iron,  to  ^^ill^iIlg^;Jth  it  from  iron  made  from  the  "Uoom  whidi 
is  obtained  by  puddling. 

Wrought  iron  is  used  by  engineers  in  nutny  forms,  the  principal  of  which 
are  bars,  plates,  and  forgings. 

BoUm  Btr  Iron. — The  "  blooms  "  from  the  puddling  furnace,  after  being 
squeezed  or  hammered,  are  rolled  into  bars,  which  are  known  as  "puddlMt 
ban;"  this  bar  iron  is  not  used  by  engineers,  as  it«  tensile  strength  is  sometantes 
as  low  as  9  tons  per  square  inch ;  it  is  cut  into  pieces,  which  are  piled  cmaa- 
ways  into  a  "  ta^ot "  oc  "  pile,"  reheated,  and  rolled  again  into  bars,  and  noir 
called  "merchant  bar"  iron. 

Herohtnt  Bin  are  not  used  by  engineers  for  any  very  important  work,  as 
the  iron  ia  still  of  low  tenacity  and  not  very  uniform  in  structure  or  quality. 
It  was  used  for  making  gratings,  laddera,  &c.,  for  fire-bars,  bearers,  Ac. 

Best  Bar  is  made  oy  reheating  "  fa«^ta "  of  merohant  bar  iron,  or  good 
wrought-iron  scrap  "crossniled,"  and  rolHngit  again  into  bars.  Itsstrnogth 
is  now  much  improved,  and  its  quality  more  uniform,  and  it  may  be  used  for 
general  smithing  purposee.  Its  tensile  strength,  if  made  of  good  material,  is 
about  24  tons  per  square  inch  on  the  average ;  the  "  Best"  bars  of  some 
makers  will  withstand  as  much  as  36  tons  per  square  inch. 

Best  Best  Bu*  is  made  by  again  rolling  bars  from  foggots  of  selected  Bert 
bars.  It  has  now  a  very  uniform  silky  fibre,  will  bend  double  cold,  and  haa 
a  tensile  strength  of  26  to  27  tons ;  good  Bpedmens  should  elouraite  25  per 
cent  at  fracture  with  a  redaction  of  area  <a  about  50  per  oent.  Some  kinds 
of  iron  have  even  a  higher  tensile  strength  tJian  this,  esped^y  when  roUed 
into  round  bars.  Bar  iron  by  cold  rolling  is  increased  in  strength,  but  the 
elongation  is  reduced.  Such  iron  is,  however,  seldom  or  never  used  by 
engineers. 

BiTSt  Iron  should  be  soft  and  of  very  good  quality  to  withstand  tJie  worik 
put  on  it  in  the  process  of  riveting ;  its  tensile  strength  ia  therefore  somewhat 
low,  about  24  tons  per  square  inch,  and  its  reeistance  to  shearing  is  even 
lower  than  this,  being  from  20  to  22  tons  per  square  inch.  This  iron  is 
generally  made  by  rolling  "  piles"  of  selected  scrap  iron  into  bars,  and  for  best 
quality  rivet  iron,  the  bar  is  rolled  from  "piles"  of  ordinary  rivet  iron. 

Rolled  Scrap  Iron. — A  superior  quality  of  bar  iron  ia  made  by  "piling" 
shearings  from  boiler  plates  and  rolling  in  the  usual  way ;  the  quality  of  this 
iron,  however,  depends  very  much  on  that  of  the  plates  from  which  Uie 
shearings  came. 

Weight  of  Bars. — The  specific  gravity  of  bar  iron  of  good  quality  is  on  the 
average  7*62;  the  weight  of  a  cubic  foot  is  tlierefore  476  lbs.,  and  ttiat  of 
a  cubic  inch  0-276  of  a  pound.  Torksbire  bar  iron  is  somewhat  denser,  its 
specific  gravity  being  7-76 ;  so  that  a  cubic  foot  of  it  weighs  465  Iba. 


STAFPORDHHIBE  IttOH.  683 

AD(^e  Bar  Iron. — This  was  formerly  an  important  form  of  bar  for  boiler- 
making,  but  LB  now  seldom  used  for  tbat  purpose;  it  is,  however,  stilt  used 
Bometimes  in  the  cxmstruction  <^  amoke-boxes,  uptakes,  &e. ;  but  ship  quality 
steel  has  practically  token  its  place. 

TorksnirB  Iron. — The  best  kinds  of  boiler  iron  were  made  in  South  York- 
shire, in  the  neighbourhood  of  Bradford  and  Leeds,  and  known  as  "best 
Yorkshire  iron."  Erupp,  and  some  other  Qerman  manufacturers,  made  iron 
plat«8  of  a  quality  equal  to  this;  Swedish  and  Russian  plates  are  very  similar 
to  it^  and  in  some  respects  of  superior  quality. 

It  was  of  very  un^orm  quality,  and,  although  not  possessing  a  very  high 
tensile  strengtti  in  direction  of  the  grain,  it  was  superior  to  otber  irons  in 
strength  across  the  grain ;  it  was  very  tough,  and  had  great  elasticity,  so  tJiat 
ii  was  easily  flanged  and  bent,  and  stretched  very  considerably  before  break- 
ing. For  tliese  reasons,  it  was  most  valuable  for  boiler-making,  and  notwith- 
standing ita  high  price  (on  the  average  three  times  that  cS.  ordinary  boiler 
plates)  it  was  always  used  for  those  parts  of  a  marine  boiler  exposed  to  flame. 
Bar  iron  of  this  quality  is  still  made  in  considerable  quantities  for  smithing 
purposes  in  railway  work,  as  well  as  for  the  screwed  stays  of  boilers.  It  is 
praotioally  as  strong  as  boiler  steel,  and  stands  alternating  stresses  better 
than  ordinary  steel ;  it  does  not,  however,  take  so  good  a  screw  thread.  It 
is  also  used  for  crane  chwns  and  otiier  high-claas  work,  and  much  esteemed 
for  colliery  work. 

Best  Yorkshire  plates  had  a  tensile  strength  of  24  to  25  tons  with  the 
grain,  and  22  to  23  tons  across  it;  the  elongation  being  13-5  and  8  per  cent, 
respectively.  From  some  carefully  made  experiment,  Mr.  Kirkcaldy  found 
the  average  strength  of  Yorkshire  iron  to  he  21  3  tons  with  and  20'1  across 
the  grain,  the  elongation  being  16'7  and  11*2  per  cent.;  by  annealing  the 
plat^  t^e  strength  was  slightly  reduced,  but  the  elongation  was  raised  to  18'4 
and  12'8  per  cent.  The  elastic  strength  was  also  found  to  be  12-2  tons  in 
tension,  and  in  compression  11-5  to  13-3  tons. 

Its  specific  gravity  is  7-76 ;  tiie  weight  of  a  cubic  foot  is  486  lbs.,  and  that 
of  a  cubic  inch  is  0-261  lb. 

Staflbidflhlre  Iron.— This  iron,  although  slightly  inferior  to  best  Yorkshire, 
is  stiU  of  high  quality,  and  was  used  for  boiler  shells,  domes,  Ac,  and  for 
such  parts  of  the  furnaces  and  chambers  as  were  not  exposed  to  the  direct 
action  of  flame.  It  has  a  high  tensile  strength  with  the  grain,  but  is  not  so 
strong  across  the  grain  as  is  the  Yorkshire  iron.  Sir  William  Fairbaim,  in 
1861,  found  thatsome  Best  Best  StoCFordsbire  plates  had  an  ultimate  strength 
of  26'7  tons  with  and  24-47  tons  across  the  grain,  the  elongation  being  67 
and  4  per  cent. ;  that  common  Staffordshire  p1at«8  hod  an  ultimate  strength 
of  22'7  tons  witli  and  23-5  across  the  grain,  the  elongation  being  5  and  435 
per  cent.  The  large  plates  of  Best  StaSbrdshire  quality,  as  now  rolled,  are 
found  to  have  an  ultimate  strength  of  23  tons  with  and  19  across  the  grain — 
it  is  only  the  thinner  plates  that  possess  so  high  a  strength  across  the  grain ; 
the  ordinary  qualities  of  Stoflbrdshire  boiler  plate,  when  J  inch  and  upwards 
in  diicknBss,  rarely  have  a  tensile  strength  over  18  tons  across  the  grain. 

For  purposes  of  calculation,  the  ultimate  strength  of  Staffordshire  quality 
boiler  plates  may  be  taken  at  51,500  lbs.  with,  and  43,000  lbs.  across,  the 
grain  for  plates  under  |  inch  thick ;  and  at  60,000  lbs.  with,  and  40,100  lbs. 
across,  the  grain  for  plates  over  that  thicknessi. 

The  specific  gravity  is  768,  tJie  weight  of  a  cubic  foot  being  480  lbs.,  and 
t^t  of  a  cubic  inch  0-277  lb. 
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SUfflnrdihln  Bar  Iron  is  vary  lugdy  naed  for  cbaiiu  and  similar  gwr,  as 
well  sa  for  smithing  pniposee,  and  is  very  hisMy  eBteemed  tor  tJiem. 

CleTeland  Iron. — As  plates  are  made  in  NorOi  Yorkshire,  and  in  varions 
parts  of  Durham,  from  tiiis  iron,  it  is  bett«r  to  detd  with  it  under  this  name, 
rather  thftn  bv  the  name  of  the  distriot  in  which  the  plates  are  rolled.  The 
pl»tes  formerly  sold  for  shipboilding  and  bridges  are  far  inferior  to  tiiose  at 
Staffordshire  make  ;  they  were  hard  and  brittle,  and  required  careful  osa^  ; 
from  its  containing  considerable  proportions  of  phosphorus,  tlua  iron  is 
"cold  short,"  that  is,  liable  to  fracture  across  when  worked  cold;  tar  this 
reason  all  serious  operations  on  it  must  be  conducted  while  it  is  hot,  as 
even  punching  very  often  causes  it  to  crack  from  the  hole,  and  plates  which 
have  been  punched  will  break  through  the  holes  while  being  bent  in 
the  roUs. 

The  ultimate  t«nsile  strengUi  of  ttiis  iron  is  only  at  best  22  tons  with  and 
18  across  the  grain,  and  tiie  oommoner  descriptions  of  boiler  plate  have  an 
ultimate  strength  of  20  to  21  tons  wiUi  and  17  tons  across  the  grain  ;  and  the 
elongation  is  very  smalL 

This  was  formerly  used  by  engineers  for  smoke-boxes,  funnels,  and  casings, 
Ac. ;  now  ship  quaUW  st«el  is  e^^>loyod  as  being  cheaper  and  esaier  handled. 

Iron  Forguigfl. — Iran  forgings,  such  as  sham,  rods,  tc,  are  made  from 
scrap  iron,  and  their  strengtn  depends  very  much  on  that  of  the  iron  from 
which  the  scrap  was  cat  Sometimes  forginga  are  made  from  new  iron,  bu^ 
since  the  general  use  of  steel,  this  is  seldom  done  now.  The  method  of  mann- 
Eacture  is  similar  to  that  described  for  making  rolled  ban  from  sciap ;  the 
scrap  is  sorted,  piled,  brought  to  a  weldine  heat,  and  hammered  into  slabs ; 
the  slabs  are  piled  one  on  the  other,  and  reheated  to  form  the  forging  re- 
quired. The  best  description  of  forajng  is  made  by  rolling  the  slt^  into 
bars,  so  as  to  give  the  metal  grain  ;  tne  oars  are  then  out  into  short  lengths, 
piled,  and  hammered  again  into  slabs,  which  are  piled,  &c,  as  before,  to  form 
the  foi^ng.  This  rolling  into  bars,  in  addition  to  giving  the  iron  filn^  tends 
to  give  a  more  uniform  structure  to  the  forging,  and  a  homogeneity  which 
cannot  be  obtained  bv  the  simple  piling  process. 

The  strength  of  forged  iron  depends  also  on  the  extent  to  which  it  has 
been  worked  under  the  hammer,  and  it  is  no  doubt  also  considerably  affected 
bv  ttie  heat  to  which  it  has  been  exposed  during  the  forging.  The  we^nees 
01  some  forgings  is  often  due  to  the  continuous  exposore  to  very  high  tempera- 
ture in  the  reheatings,  so  often  necessary  in  producing  a  heavy  oomplicated 
piece  of  work. 

From  some  experiments  made  by  tiie  Mersey  Steel  and  Iron  Company  on 
portions  of  iron  cut  &om  a  crankshaft,  the  tensile  strength  was  found  to  be 
22-4  tons,  with  an  elongation  of  25  per  cent.  The  iron  in  this  case  was,  no 
doubt,  exceptionally  good  and  the  foiging  sonnd.  The  strength  of  forginga 
made  from  good  scrap  iron  is  probably  22  tens  per  square  inch  with  the 
grain,  and  19  tons  across,  when  they  are  of  simple  form  and  moderate  aixe; 
when  of  large  size,  or  of  complicated  form,  like  a  crank-shaft,  the  strength 
seldom  exceeds  21  tons  with  and  IS  tons  oaroea  the  grain.  The  elongation 
with  good  iron  should  be  at  least  15  per  cent  with  and  8  per  cent  across  the 
grain. 

The  spedfic  gravity  of  large  forgings  is  abont  7*63,  so  that  the  weight  of 
a  cubic  foot  is  477  lbs.,  and  that  of  a  cubic  inch  is  0-276  lb. 

8t«el  — Steel,  like  iron,  is  need  in  the  form  of  bars,  plates,  and  f oi^jiogs,  and 
is  also  very  generally  employed  for  castings  where  great  strength  is  required. 
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All  Bteel  was  originally  made  from  the  beat  qualities  of  wrought  iron  by 
the  process  of  "  cementation ; "  thia  oonaists  of  exposing  small  pieces  of  iron 
to  a  nigh  temperature  in  the  presence  of  carbon  only  in  a  closed  vessel  for  a 
considerable  time,  during  which  some  of  the  carbon  is  absorbed  by  the  iron, 
and  is  thus  converted  into  a  rongh  kind  of  stael,  called  Hitter  ttttl.  These 
pieces  are  broken,  and  sorted  aceording  to  the  appearance  of  the  fracture, 
after  which  portions  are  placed  in  a  dosed  cmciUe,  melted,  and  cast  into 
ingots;  it  is  now  called  coat  Bteel.  If  the  blister  steel  is  piled,  reheated, 
and  hammered,  or  rolled  into  bars,  it  is  called  thear  eteel,  The  cast-steel 
ingots  are  rolled  into  bars,  which  still  retain  the  name  "cast  steel,"  but 
this  is  better  known  as  tool  steel,  as  it  is  now  used  almost  exclusively  for 
catting-tools.  Tool  steel  containing  about  1  per  cent  of  carbon  is,  of  course, 
very  hard,  and  baa  a  very  high  tensile  strength,  ranging  from  50  to  65  tons 
per  square  inch,  with  an  average  elongation  of  a  little  over  5  per  cent,  only ; 
some  of  the  milder  kinds,  such  as  are  used  for  drifts,  Ac.,  have  a  tensile 
strength  varying  from  44  to  60  tons  per  square  inch,  witli  an  average 
elongation  of  13  per  cent.  Spring  eteel  is  still  milder,  having  a  tensile 
strength  of  about  45  tens  per  square  inch,  with  an  elongation  of  18  per  cent. 
Tempering  in  oil  increases  the  strength  considerably ;  Mr.  Kirkcaldy  found 
that  a  steel  bar,  whose  strength  when  "  soft "  was  M\  tons,  when  heated  and 
cooled  in  oil  had  a  strength  of  96  tens. 

BesBemer  SteeL — The  modem  methods  of  making  steel  known  as  the 
direct  proeeeeee  obviate  the  necessity  of  using  the  comparatively  expensive 
vrou^t  iron,  and  are  therefore  capable  of  producing  a  very  much  cheaper 
material.  In  the  Bessemer  process  there  are  essentially  two  operations,  the 
(inversion  of  molten  oaet  iron  into  pure  iron,  and,  by  the  addition  of  a  small 
and  definite  quantity  of  manganese  and  oarbon,  the  turning  of  pure  iron 
into  steel.  Cast  iron  practically  free  from  phosphorus  and  sulphur  is 
melted  and  poured  into  the  converter;  a  strong  blast  of  air  is  forced 
through  the  molten  metal,  so  that  the  carbon  it  contains  bums  and  is  con- 
Bnme<(  and  the  temperature  of  the  mass  thereby  raised ;  when  the  whole  of 
t^e  carbon  is  consumed,  a  small  quantity  of  /erro-manganege  (spiegeleisen  or 
natural  ferro-manganese  was  used  ori^iially),  an  iron  containing  a  known 
proportion  of  carbon  and  manganese,  is  added ;  the  metal  now  has  that 
small  amount  of  carbon  which  causes  it  to  differ  from  wrought  iron,  and 
that  amount  of  manganese  which  seems  to  be  so  essential  in  making  good 
ateel.  The  metal  is  now  run  into  ingot  moulds,  and  allowed  to  cool  for 
further  nse,  or  is  kept  in  a  "soaking  pit,"  reheated  and  hammered,  or 
rolled  into  the  forms  required.  By  the  Thomas-Qilchrist  process  fairly 
good  steel  can  be  made  from  iron  oonteining  phosphorus ;  the  phosphorus 
is  absorbni  by  the  converter  lining,  which  is  prepared  from  magnesian 
limestone ;  the  product  is  known  as  baeio  steel,  that  made  by  the  original 
Bessemer  process  being  called  add  steeL 

Siemens-Martin  SteeL — The  steel  in  Uiis  process  is  made  in  the  hearth  of 
a  reverberatory  furnace  by  exposing  for  a  considerable  time  hematite  or  pig 
iron,  or  mixtures  of  cost  iron  and  high-class  puro  (oxide)  ores  of  iron,  to  the 
intense  violet  heat  obtained  by  producer  gas  until  practically  the  whole  of 
the  carbon  disappears.  If  pig  conteining  phosphorus  is  used,  the  fnmace 
must  be  lined  with  gannieter  made  from  magneaian  limestone  on  the 
Thomas-Gilchrist  plan,  so  that  tiie  phosphorus  may  be  absorbed  almost 
wholly  by  the  lining  during  the  roasting  process ;  ferro-num^aneM  is  added 
as  in  the  Bessemer  process,  and  the  liquid  mixture  run  into  ingot  moulds. 
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Steel  made  in  tLe  ordinary  way  from  good  pig  free  from  phosphoros  is  said 
to  be  by  Uie  aeiel  prooeta,  vhile  Uiat  made  from  pig  iron  containing  con- 
siderable qoaiitities  of  phoephoros  in  a  furnace  or  converter  lined  with 
magnesiaa  limeetone  gannister  is  called  banc  tied,  and  said  to  be  made  b; 
the  Thomas-Oilohrist  or  bono  pnxsett.  Basic  steel  is  generally  softer  than 
ordinaiy  steel ;  bnt  exoellent  steel  or  ingot  iron  is  made  by  this  process, 
having  an  ultimate  tensile  strengtih  of  not  more  than  25  tons,  with  a  stretch 
of  over  30  per  cent. ;  it  can  be  bent  cold  two  donble,  and  is  soft  to  work 
and  easily  welded.  I^rge  qnantities  of  this  material  are  now  made  at 
Middleeraongh,  Nortii  Linoolnahire,  &c,  where  tJiere  is  an  nnlimited  supply 
of  suitable  iron,  and  used  by  shipbailders,  taak  &Qd  bridge  builders,  ice. 
The  carbon  aod  mannaeee  are  added  as  in  the  Bessemer  process  by  the 
introdoction  of  a  small  qoaotaty  oi  firro-tnanganeM. 

At  the  present  time  steel  plates,  bars,  and  forgings  are  made  almost 
exclusively  from  ingots  run  from  either  Bessemer  converters  or  Siemens 
furnaces. 

Puddled  StML — Some  years  ago  this  material  commanded  oonsidetable 
attention,  since  from  it  large  shafts  were  made  at  what  were  then  comparsr 
tively  low  prices,  and  it  was  thought  that,  from  its  superiority  to  wrought 
iron,  it  would  take  the  place  of  the  latter  for  forgings.  To  ul  intents  and 
purposes  it  was  only  well  worked  "  puddled  "  bar,  containing  more  carbon 
than  that  used  in  making  wrought  iron,  and  was  obtained  by  prematurely 
withdrawing  the  bloom  before  decarbonisation  wm  completed. 

The  BtMl  used  fi>r  Boiler  Coastraotlon  is  made  by  the  Siemens-Martin 
process  exclusively.  The  ingots  are  reheated  and  hammered  into  slabs, 
which  are  again  reheated  and  rolled  into  bars  or  plates.  It  is  neoeesary  that 
the  materiu  of  which  a  boiler  is  oonstmcted  shall  hare  very  considerable 
elasticity  as  well  as  strength,  and  since  best  Yorkshire  iron  stretches  to  as 
much  as  18  per  oent  before  fracture,  steel  should  not  be  used  which  is  not 
equal  to  this. 

It  is  found  that  the  lower  the  ultimate  strength  of  good  steel  is,  the 
higher  is  its  elasticity,  so  that  plates  of  this  material,  having  an  ultimate 
elongation  of  20  per  cent,  possess  a  tensile  strength  of  32  tons  per  square 
inch  while  those  oaving  an  ultimate  strength  of  26  tons  will  stretch  30  per 
cent.  I'he  former  is  very  suitable  for  the  shell-plating  of  boilers,  as  its 
strength  is  nearly  60  per  cent,  higher,  and  ita  elasticity  nearly  double  that 
of  the  iron  formerly  used  by  boilermakers;  the  latter  does  eminently  for  the 
internal  parte  of  a  boiler  which  require  to  be  of  a  somewhat  softer  material, 
that  it  may  be  fianged,  &c.,  with  ease,  and  stand  the  rough  usage  of  the  boiler 
smiths  wifli  safety.  For  tiiis  purpose  plates  are  used  which  have  a  tensile 
strength  of  26  to  28  tons  per  square  inch,  with  an  ultimate  elongation  of 
about  35  per  cent.  For  comigatf^  furnaces  a  milder  steel  stitl  is  used,  for 
its  limit  of  strength  is  2S  tons,  and  it  stretches  to  30  per  cent,  in  8  inches 
tihell-plates  are  now  made  with  a  tensile  strength  of  36  tons,  and  a  stretch  of 
25  per  cent,  with  the  grain  and  20  per  cent,  across  t^e  grain. 

Subjoined  are  the  tests  required  hy  the  Tarions  autJiorities  for  boiler 
steel.  It  will  be  seen  that  no  two  o!  them  agree,  which  is  to  be  much 
regretted ;  it  is  in  the  intereet  of  both  sdenoe  and  economy  that  tliey  should 
all  agree: — 

AdmlnUty  Testa  of  Material.— All  steel  to  be  nude  bj  the  soid  open  beortli 
prooeM.     Every  plate,  ka.,  used  is  to  be  letted,  and  muat  comply  with  the  requiremMits 


LLOYD'S  TE8IS  OF  MATERIALS. 
TABLE  LIIL— Adnikaltt  Tbnbilk  Tests. 


...H^...^. 

tnunute  Inulle 
pn  iqiun  luob. 

ZsiT 

SlniihM 
pwomt 

Not  eiposed  to  flame  snd  nol  flanged, 
GipoMd  h>  flame  and  flaDged,   ■        ■ 

Steam-pipe  platea,      -        -        -        . 
Pieoet  evt  from  tnbei  (aoaealed).      - 

27 
24 
24 
24 
23 
21 

30 
27 

27 
27 

15 

28 

2S 
26 
33 
27 

27 
27 

For  bending  t«at«  the  speoiinena  m«  heated  to  a  low  oherry  red,  and  then  oooled  in 
water  at  S2*  F.  Strips  of  plate  1|  inchea  wide  mint  bend  double  in  preu,  inner  radiuB 
being  l)timeathicbiieei  of  plate.  Forpiecea  of  rivet  bar  innerradliu  to  eqiud  radius  of 
bar ;  aad  for  itripe  froin  tnbea,  1  inoh. 

Board  of  Trade  Tests  or  MaterfaL- Strip*  2  inohet  wide  thoahl  be  oi 


TABLE  LFV.— BoABD  or  Tbadb  Teksile  Testb. 


Hlalmaui 

Uulmnm 

EloDgattonlnlDlncfau 
pvcent. 

"W" 

per  tqun  Inch. 

per  ■qoue  Inch. 

FlatM  not  expwed  to  | 

27 

36 

j  About  26  per  cent.,  not 

Bame,       -        -        -  1 

1      less  than  18  per  cent. 

Platea  that  are  exposed  \ 
to  flame,  -       -       -/ 

2a 

30 

)  Not  less  than  20  per  oeDt. 
)      for  annealed  plates. 

Rivet  bars,  •       ■ 

se 

30 

Not  less  than  26  per  cent. 

Stay  bora,    .        .        - 

27 

32 

J  About  26  per  cent.,  not 
)     leas  than  20  per  oenfc 

Tube  •tripa, 

28 

30 

/About  28  per  cent.,  not 
\     less  than  20  per  cent. 

Rivets, 

27 

32 

)  Contraction  of  area  about 
)     60  per  cent. 

For  bending  teste  the  speoimens  should  be  2  inches  wide  and  10  inches  long,  and 
ahonld  be  bent  double,  the  inner  radius  being  1^  times  the  thiclmess  of  Ihe  plate ;  for 
p1at«s  not  eiposed  to  flame,  the  teite  should  be  made  on  the  plate  in  its  ordinary  condi- 
tion, and  for  platee  that  are  exposed  to  flame  the  specimens  shonld  be  heated  to  a  cherry 
red,  and  cooled  out  in  water  at  80*  F.  before  bending. 

Uojrd'S  Tests  of  Material,— Ultimate  tensile  strength  to  beaa follows:— Ordinary 
shell-plates  and  longitudinal  atafs,  28  to  32  tons  per  square  inch,  with  a  minimum 
elongation  of  20  per  oent.  on  standard  test  pieoe  (8  inches  or  8  diameters  long) ;  shell- 
plates,  if  to  be  flan^  or  welded,  and  all  other  plates,  screw  stays,  and  rivet  ban,  26 
toJiOtons.  The  mini  mom  elongations  on  standard  test  pieoe*  being  as  follows:- For 
shell-plates,  if  to  be  flanged  or  welded,  all  other  plate*,  and  screwed  combustion 
chamber  stays,  S3  per  cent. ;  for  rivet  bars,  26  per  cent. 

Teat  pieoes,  not  less  than  1}  inches  wide,  out  from  plate*  or  bars  to  stand  bending 
to  a  ourve,  the  inner  radius  of  which  is  not  greater  than  1)  time*  tbioknea*,  both  when 
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In  nornul  oondilion  and  kfler  having  beeu  heated  to  a  tow  cherry  red  and  qaenched  in 
water  at  HO*  F.  Steel  manuFaotaml  rivela  to  be  oapalile  of  being  beoi  ooU  kod 
bammered  antil  the  ahuik  is  bent  roand  on  to  ilsetf  wilhaut  fracture  on  (Nitaide  of 
bend.    Head*  to  permit  of  being  flattened  hot  to  H  tinea  diameter  of  sbank. 

One  tendle,  and  either  one  oold  or  one  temper  bend  test  to  be  made  tnm  erery 
plat« ;  but  for  platoi  exceeding  2|  ttHu  in  weight,  one  teniile  teal  from  each  end,  mad 
a  cold  bend  t«at  from  one  end  and  a  temper  bend  teat  from  the  other  are  reqairaL  For 
each  caat  or  taniaoe  aharse  from  whioh  bin  are  rolled  there  moat  be  two  tenails  t«sta, 
but  when  more  than  IS  ban  are  rolled  from  one  charge,  an  additional  tanaila  teat  ia 
reqaired  for  tnery  further  batch  of  IS  bare  or  portion  thereof.  One  oold  or  one  t«mper 
bend  teat  ii  required  from  every  bar  as  rolled,  bat  no  bend  taata  are  reqnirad  tor 
rivet  bar«. 

British  Corporation  Boiler  St«eL— The  quality  of  atael  to  be  uaed  in  the  ood- 
■tmction  of  boilen  moit  be  aa  fuUows,  viz.  : — 

Plates  intended  fur  the  oylindrical  shell*  and  butt  straps,  and  bare  intended  for 
■tayo,  are  to  have  an  ultimate  tcoaile  strength  of  not  ten  than  28  torn,  or  more  than  32 
ton*  per  iqnare  inch,  with  at  least  30  per  cent,  extension  in  H  inohea  of  prepared  lectioii. 
Plates  which  have  to  be  flanged  or  welded,  plates  and  stays  for  combusticm-ebambers. 
platee  for  furnaces,  and  bar*  intended  for  riveta  ate  to  be  from  26  to  30  tona  per  square 
inch  in  tensile  strength,  with  not  le;*  than  23  per  oent.  ext«a4ion  in  8  inehea,  bat  with 
rivet  bars  the  extension  ii  to  be  not  less  than  ^  per  oent.  in  8  inches. 

The  fample  piecea  for  temper  bend  teat*  are  to  be  heated  uniformly  to  a  dull  red, 
then  oooled  in  water  the  temperature  of  whioh  doe*  not  exceed  80°  F.,  and  the  pieoe*  in 
both  cold  and  tamper  bend  t«sta  rauit  withstand,  without  fnuttare,  being  bent  double 
to  a  curve,  the  inner  radios  of  which  does  not  exceed  1}  times  the  thicknc^  of  the 

All  plates  which  hare  been  welded,  locally  heated,  or  in  which  rivet  hole*  have 
been  punched,  and  steel  stay  ban  whieh  have  been  worked  in  the  fire  mnat  be  aub- 

'f  annealed,  and  in  no  eaae  are  tteel  itaya  to  be  welded.      Number  of  teat* 

-ir  Lloyd's,  see  above. 

John  Spencer  &  Sons,  Kewbum,  David  Colville  &  Soaa,  Motherwell, 
and  othem,  manufacture  pUtes  and  foldings  from  patent  steels  whidi 
huve  an  ultimate  tensile  strength  of  40  tons,  with  an  elongation  of  30 
per  cent,  in  2  iQches  aod  a  limit  of  elaaticitj  of  25  tona.  Such  plates, 
however,  cost  a  little  more  to  manufitcture  than  the  ordinary  Siemeos 
steel. 

Ordinary  mild  bar  8t«el,  such  as  used  for  the  stays  of  boilers,  for  bolts, 
studs,  &c,  has  a  tensile  strength  of  26  to  32  tons,  with  an  elongation  of  25 
to  20  per  cent.,  and  a  harder  steel  for  pins,  d^,  has  3S  to  40  tons,  with 
15  per  cent. 

The  specific  gravity  of  mild  steel  plates  and  bars  is  about  7-86;  the 
weight  of  a  cubic  foot  is  491  lbs.;  tliat  of  a  cubic  inch  is  0-284  lb.,  and  that 
of  a  square  foot,  I  inch  thick,  40-94  lbs. 

Steel  Forglngs. — Shafts,  piston-  and  connecting-rods,  valve-rods,  gudgeons, 
&0.,  are  now  generally  made  of  steel  forged  from  ingots  manufoctured  by  the 
Siemens  process.  The  steel  is,  of  course,  of  a  mild  kind,  and  while  possessing 
properties  very  similar  to  those  of  the  rolled  bars  and  plates,  is  not  quite  so 
uniform  in  structure  and  strength. 

There  ia  little  doubt  that  the  ultimate  strength  of  marine  shafts,  when 
made  of  steel,  does  not  exceed  35  tons  on  the  average,  and  those  over  12 
inches  diameter  cannot  be  depended  on  for  a  higher  average  than  30  tons, 
however  well  forged.  The  material  near  the  centre  of  a  steel  forging  of 
large  size  remains  but  very  little  affected  by  hammering,  eo  that  the  larger 
tixe  diameter  of  the  shaft,  the  less  will  be  the  average  strength  of  tiie 
material  composing  it.  Forgings  made  with  a  hydraulic  press  are,  however, 
free  from  this  suspicion. 


ogle 
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Sm&ll  steel  forgings  may  have  as  high  a  tensile  strength  as  ban  rolled 
from  ni ""'!'*■'■  ingots,  but  as  a  rule  they  have  not  so  great  elasticity,  and  it  ia 
safer,  therefore,  to  suppose  them  to  be  10  per  cent,  weaker,  for  purposes  of 
caloidations,  although,  as  a  matter  of  fact,  tiieir  tensile  strength  is  sometimes 
higher. 

Steel  CastLngB. — Many  parts  of  a  marine  engine  which  were  formerly 
made  of  forged  iron,  are  now  made  with  advantage  of  cast  steel ;  other  parts 
which,  for  convenience  of  mannfactore,  were  made  of  brass,  are  also  made  of 
this  materiaL  It  is  likely  to  supersede  cast  iron  in  many  parts  whieh  must 
of  necessity  be  cast^  and  as  the  cost  of  production  of  cast  steel  is  reduced,  so 
will  the  demand  for  it  increase. 

The  chief  obstacle  to  its  further  extended  use  is  the  uncertainty  as  to  the 
soundness  of  the  castings.  Continued  use,  however,  is  fast  dissipating  the 
prejudice  which  once  existed  against  its  application,  and  as  the  demand  for 
these  castings  has  caused  the  manufacturers  of  them  to  give  the  closest 
attention  to  their  production,  the  day  is  not  far  distant  when  a  steel  casting 
will  Gommand  the  same  confidence  as  to  its  soundness  that  now  obtains  for  iron 
castings.  Indeed,  an  iron  casting  is  more  treacherous  than  one  of  steel, 
because  blow-holes  and  spongy  places  are  always  near  the  surface  of  the  latter, 
and  can  often  be  detected,  while  those  in  the  iron  castings  are  quite  hidden. 
If  a  8t«el  casting  is  machined,  so  that  the  faulty  places  are  cut  away,  the 
part  remaining  may  be  depended  on  as  quite  sound. 

Propeller  blades  and  bosses,  foundations,  columns,  levers,  cross-heads  for 
jnston-rods,  pistons  of  all  sizes  and  shapes,  link-motion  blocks,  eccentric  straps, 
worms,  wheels,  ^,  are  now  veiy  generally  made  of  cast  steel ;  crank-shafts, 
too,  have  been  made  of  oast  stee^  and  did  their  work  very  sati^actorily,  even 
when  of  so  large  a  size  as  15  inches  diameter ;  connecting-rods,  also,  have  been 
made  of  this  material,  and  the  economy  of  production  of  such  parts  when  thus 
made  is  beyond  all  doubt.  This  material  has  the  merit  of  possessing  a 
strength  at  the  centre  as  high  as  that  at  the  circumference,  whereas  this  is 
not  always  the  case  with  large  forgings. 

The  probable  average  strength  of  best  steel  castings  is  about  38  tons  per 
square  inch,  with  an  elasticity  of  about  25  per  cent. ;  greater  strength  is  easily 
obtained  with  steel  castings,  but  the  elastidlr  will  then  be  much  lower,  in 
fact,  it  is  only  by  using  very  carefully  select«a  materials,  aud  by  anneahng 
after  casting,  that  so  low  a  strength  can  be  obtained.  The  ordinary  steel 
castings  have  an  average  nltiiuate  strength  of  about  32  tons,  with  an  elonga- 
tion (S  about  18  per  cent,  when  sound.  To  allow  for  unsoundness  tiie 
ultimate  strength  may  be  assumed  to  be  only  28  tons  for  the  harder  varieties, 
and  25  tons  for  the  softer  ones;  for  propeller  blades  it  should  not  be  assumed 
to  be  higher  than  34  tons,  although  the  sound  part«  of  such  castings  are  often 
found  to  have  a  strength  of  over  30  tons  per  square  inch, 

Nlokel  Steel — Thjs  material,  which  is  an  alloy  of  steel  and  nickel,  or,  to 
be  more  precise,  of  iron,  carbon,  manganese  and  nickel,  is  hkely  to  be 
generally  used  in  the  future  where  lightness  is  of  first  importance  in  engi- 
neering structures,  or  when  the  strongest  possible  material  is  required.  Qreat 
care,  however,  has  to  be  taken  when  forging  and  otherwise  treating  this 
material  in  the  hot  stete  to  avoid  seriously  injuring  ite  physical  properties. 
It  is,  therefore,  better  to  have  the  forging,  Ao.,  delivered  &om  the  maker's 
works  ready  for  machining,  and  in  all  cases  it  should  be  most  carefully 
anne<^ed.  It  is  also  advisable  to  have  it  oil-tempered  as  well  as  annealed  to 
get  the  full  advantages  from  this  very  splendid  alloy.     Mr.  Wm.  Beardmore 
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nsd  k  very  interesting  paper  to  the  Institution  of  Nav»l  Architecta,  in  1897, 
on  the  nickel-8t«el  alloys  lus  firm  was  m&king  for  boiler  pUtes ;  witii  an 
nltim&te  strengUi  of  74,000  lbs.,  And  ui  extension  of  23  per  cent.,  Ute 
elastic  limit  was  43,000  lbs. ;  and  a  stronger  quality  whose  ultimate  strength 
was  114,000  Ibe.,  with  25  per  cent,  exteoaion,  the  elastic  limit  was  64,000 
lbs.  Forgiogs  on  a  large  aoale  have  been  made  in  this  oounbr;  by  Heasra. 
Vickera,  Sotu  k  Uaxim,  Beardmore,  and  others  for  marine  yroti  aa  irell 
as  armour  pUt«s ;  while  in  America,  at  the  Bethlehem  Iron  Works,  tliia 
material  is  very  largely  used  for  marine  work.  Steel  having  0-25  to  0-45 
of  carbon  seems  best  Cor  tJus  alloT,  and  for  marine  porposee  3  to  5  pM-  oent- 
of  nickel  is  nsetl  with  it     Less  Uian  3  per  cent  nickel  is  <tf  no  advantage. 

Forgings  having  0-39  per  cent  of  carbon  and  3-25  of  nickel  have  an  ulti- 
mate strength  of  K5,000  lbs.,  with  30  per  cent  elongation,  and  an  elastic 
limit  of  54,000  lbs. ;  with  3-7S  per  oent  of  nickel  and  oil  tempered,  90,000 
lbs.,  with  22  per  oent  extension,  and  60,000  lbs.  elastic  limit ;  with  4-5 
to  S  per  cent  the  elastic  limit  is  as  high  as  80,000  lbs.,  and  the  extension 
30  per  cent  after  careful  oil  tempering  and  annealing.  The  coefficient  of 
expansion  of  an  alloy  containing  25  to  30  per  cent  of  nickel  is  exceedingly 
low,  and  its  electrical  resistance  is  40  times  that  of  copper  ;  it  is  also  nearly 
incorrodible.  Adding  3  to  3J  per  cent  of  nickel  increases  iha  cost  of  a  steel 
by  about  7b.  per  owt  This  material  stands  percussion  shocks  exceedingly 
well,  and  also  resiate  vibratory  stresses  equally  well.  Iron  bars  stressed  to 
40,000  lbs.  stood  only  59,000  alternations,  mild  steel  170,000,  high  carbon 
(0-35  per  oent)  317,000,  whUe  nickel  steel  (0-25  C,  3-25  Ni)  stood  1,850,000, 
and  5}  per  cent  nickel  as  many  as  4,370,000  alternations. 

MugtneM  Steel. — ^llie  invention  of  Mr.  Bobert  Hadfield  is  of  interest, 
although  it  is  not  yet  generally  useful  to  the  engineer.  That  best  known  is 
an  alloy  oonteining  1 1  to  1 4  per  cent  oi  manganese,  and  ia  largely  used  for 
tiie  wearing  parts  of  dredgers,  crushing  machinery,  and  aah  ejectors.  It  is 
very  tough  and  very  hard,  so  that  while  it  can  be  forged  easily  and  bent 
readily  when  cold,  it  cannot  be  machined.  In  the  forged  condition  it  has  a 
tenacity  <tf  60  tons  per  square  inch,  with  an  elongation  of  36  to  40  per  oent 
in  S  inches.  At  present  articles  are  forged  to  shape  or  ground,  and  it  ia 
hoped  that  soon  some  method  of  machining  this  vfdnable  materhd  will  be 

Coppa. — This  metal  is  used  to  form  alloys  more  frequentiy  than  by 
itself;  it  b  too  soft  for  general  purposes ;  but  aa  it  is  so  much  improved  by 
the  addition  of  even  small  Quantities  trf  other  metals,  it  ia  periiaps,  next  to 
iron,  the  most  important  of  tne  metels  used  by  the  marine  engineer. 

In  commerce  there  are  three  distinct  qualities  of  ingot  copper  dealt  with, 
viz. : — ( I )  0.  M.B.  (good  merchantable  brand),  a  general  term  used  as  a  basis  for 
price ;  (2)  Tough  Ingot,  which  is  generally  tised  by  founders  for  genera]  pnr- 
poaes,  and  branded  with  some  well-known  smelter's  name  or  mark  ;  (3)  B«tt 
Selected,  is  purer  and  of  more  uniform  quality,  and  used  for  high  class  work. 

In  its  simple  stete  it  is  employed  chiefly  for  pipes  on  account  of  ite  ductility 
and  strength,  and  in  some  measure  because  it  can  be  joined  by  brazing,  so  as 
to  be  as  strong  there  as  the  original  sheet  It  does  not  generally  corrode 
under  the  action  of  sea-water  or  air,  but  does  sometimes  waste  by  the 
mechanical  action  of  water  and  steam  moving  at  high  velocities  over  ite 
surface.  In  some  few  localities  the  water  seems  to  have  a  destructive  effect 
on  this  metal,  owing  no  doubt  to  presence  of  free  gases  mechanically  mixed 
witii  it ;  of  these  gases,  sulphuretted  hydrogen  is  the  worst  in  the  water  of 
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rivers  and  porta,  and  chlorine  in  sea-water ;  the  presence  ot  bromine,  too,  is 
trften  detected  by  the  smell  in  the  hot-welk  of  some  engines. 

Copper  pipes  <^  large  size  (6  inches  and  upwards)  are  always  made  from 
sheets,  cnrved  into  ih»  required  form  by  rolling  or  hammering,  and  brazed 
at  the  seams.  Cm>per  pipes  can  be  made  seamless,  practically  of  any  size,  by 
Elmore's  Patent  Copper  Depositing  Co.,  Zjeeds,  by  electro  deposits,  Ac 

Smaller  pipes  are  sometimes  made  in  the  same  way,  and  sometimes  by 
"  drawing "  in  a  way  similar  to  that  by  which  wire  is  manofactured.  The 
feed,  blow-off,  and  scum  pipes  in  the  Navy  are  always  of  solid-drawn  copper, 
because  there  should  be  no  seam  in  sndi  important  pipes ;  and  tlie  main  steam 

Sipes  have  also  to  be  solid  drawn  when  made  of  copper,  and  not  exceeding 
inches  diameter. 
Solid-drawn  pipes  are  very  seldom  used  in  the  mercantile  marine,  partly 
because  they  are  somewhat  more  expensive,  bat  chiefly  because  they  are  not 
so  aniform  in  thickness  as  are  the  brazed  ones,  and  are  thought  to  be  more 
liable  to  split  unless  carefully  manafactured  from  very  soft  tough  copper. 

The  strength  of  copper  depends  somewhat  on  its  purity,  but  principally 
on  the  amount  of  work  it  has  undergone.  Copper  castings  have  an  ultimate 
strength  of  only  about  10  tons  per  square  iacb ;  when  forged  its  strength  is 
increased  to  about  16  tons,  and  when  rolled  into  bars  is  16  tons;  if  a  small 
proportion  of  phosphorus  is  added  (about  2  per  cent.)  the  strength  is  increased 
to  20  tons ;  pure  copper  when  drawn  out  into  wire  has  a  strength  of  about 
28  tons  b^ore,  and  18  tons  after  annealing.  Sheet  copper  has  an  average 
atrengtli  of  about  13J^  tons,  and  for  purposes  of  calculation  may  be  assumed 
to  be  30,000  lbs.  per  square  inch.  Small  quantities  of  arsenic  and  some  other 
metals  improve  copper  very  much.  With  only  ^  per  cent  of  arsenic  plates 
have  an  ultimato  strength  of  33,420,  with  a  stretch  of  37  per  cent  (Boberts- 
Auston),  Wire  made  of  copper  with  1  per  cent,  of  aluminium  stood  78,000 
lbs.  per  square  inch,  and  French  wire  made  of  copper  with  a  small  addition 
of  sUicon  128,000  lbs.  Wire  with  0-529  per  cent,  of  antimony  stood  78,000 
lbs.  as  against  49,000  lbs.  with  pure  copper  wire. 

The  specific  gravity  of  sheet  copper  is  8'80&  ;  ^a  weight  of  a  cubic  foot 
is  5&0  lbs.,  that  <^  a  cubic  inch  0*318  of  a  pound,  and  that  of  a  square  foot 
1  inch  thick  40-83  lbs. 

Tin. — This  metal,  although  seldom  used  alone,  is  very  important,  as 
forming  one  of  the  chief  constituents  of  bronze  or  gun-metal  and  some 
white  metals.  The  best  qualities  are  obtained  from  Cornwall,  and  tibe 
chief  supply  of  this  metal  is  from  that  county;  of  late  years,  however,  con- 
siderable quantities  have  been  imported  from  the  Dutch  East  Indies  and 
from  Australia,  and  although  not  so  pure  as  the  Cornish  tin,  the  price  of  the 
latter  has  been  very  considerably  reduced  by  the  supply. 

Tin  is  used  as  a  protective  covering  to  other  metals  on  account  of  its 
immniiity  from  the  corrosive  action  of  salte  and  acids.  The  Admiralty 
require  all  condenser  tubes  to  be  coated  with  tin  when  fitted  in  iron  con- 
densers ;  and  this  practice  is  also  followed  by  some  Mercantile  Shipping 
Companies.  Sheet  tin,  which  is  thin  sheet  iron  coat«d  with  tin,  is  used  for 
"  liners  "  between  "  brasses,"  as  well  as  for  making  oil  feeders,  lamps,  cups, 
&c. 

Tin  mixed  with  small  quantities  of  copper,  antimony,  Ac,  is  used  under 
the  name  of  white  metal  to  line  and  face  batrings. 

The  tensile  strength  of  tin  is  too  low  to  admit  ot  itfi  being  used  alone  in 
Gonstmction;  its  ultimato  strength  when  cast  is  only  2-11  tons  per  square 
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indk.  Iti  specific  m-ntj  is  about  7-3,  oonaequenti;  the  weight  of  a  cabio 
foot  is  4S6  1m.,  aodthat  of  a  oubio  inch  0-2M  lb. 

Zino  or  Spdto . — This  metal  alao  is  seldom  naed  alone,  but  is  vmy  largely 
employed  to  alloy  with  copper  to  form  brass.  The  beet  kinds  are  impcrted 
from  the  Continent,  and  the  Silesian  spelter  is  the  best  and  that  generally 
used  in  "^<r'"g  brass  for  rolling  into  sheeta  or  drawing  into  tabw,  pipes, 
and  rods. 

In  its  simple  state  sine  is  nsed  by  marine  engineers  to  present  oorroBioa 
in  the  boilers,  condensers,  and  hot-wells.  Cast  blocks,  or,  better  still,  pieoee 
of  rolled  bar  or  sheet  of  tins  metal  are  placed  in  metallic  contact  wiui  the 
iron  of  the  boiler  in  such  places  as  have  been  found  by  experience  to  require 
protection.  The  purer  the  zinc  is,  the  more  perfect  is  the  protection  aSbmed  ; 
but  unless  there  are  exceptiotial  oircnmstanoes  affecting  tjie  feed-wat^, 
common  sine  or  even  "  hard  spelter  "  (residuum  from  the  galvanising  baUi) 
will  form  a  snffidently  sbtMig  galvanio  couple  to  prevent  deterioration  of 
the  iron  sarfscee. 

Zinc  is  also  employed  as  a  covering  for  iron,  to  protect  it  from  the  action 
of  sea-water,  Ac,  and  being  much  cheaper  than  tin,  and  easily  applied  to  the 
surface  of  the  iron,  is  used  on  a  Ear  more  extended  scale  tiian  tin.  Zinc  is 
also  used  as  the  principal  constituent  of  some  kinds  of  white  metal  made  for 
bushes  working  in  water. 

The  tensile  strength  of  aino  is  even  lower  tiian  that  of  tin,  being  only 
1-336  tons  per  square  inch  when  cast.  Its  specific  gnvity  is  7-0,  conse- 
quently the  weight  of  a  cubic  foot  is  437  lbs.,  and  that  of  a  cubic  inch 
0-253  lb. 

Lead  is  nearly  always  used  alone,  and  the  purer  it  is,  the  more  valuable 
for  engineering  purposes.  In  the  mercantile  marine  the  bilge  piping  is 
often  mode  of  lead,  and  tiie  pipes  for  emptying  and  filling  the  ballasit  tanks 
are  also  sometimes  of  lead.  It  is  used  for  these  purposes  because  of  its 
resisting  the  oorroeive  action  of  sea  and  bilee  water,  and  being  very  ductile 
it  can  Im  easily  bent  to  follow  the  curves  and  corners  of  the  ship's  Ixittom. 

Kheet  lead  is  used  to  protect  tiie  covering  of  boUere  from  wet,  and  alao 
to  oover  engine-room  floors  when  made  of  wood.  It  is  employed,  too,  for 
jointing  pipes,  dec,  when  tlie  flanges  are  rough  and  uneven. 

It  is  sometimes  nsed  by  moulders  to  give  a  good  oolour  to  common  brass 
for  ornamental  purposes,  and  to  oause  it  to  be  readily  turned  in  iho  lathe ; 
but  even  the  smallest  addition  ti  this  metal  tends  to  reduce  the  strength  ol 
brass,  and  it  should  be  therefore  generally  avoided. 

The  tensile  strength  of  sheet  lead  is  only  0-81  ton  per  square  incb,  utd 
that  of  lead  pipe  is  1  ton.  The  specific  gravity  is  11-418,  consequently  the 
weight  of  a  cubic  foot  is  713  Ibo.,  <^  a  cubic  indi  0-412  lb.,  and  of  a  square 
foot  1  inch  thick,  69-3  lbs. 

Alnminlom. — This  metal,  formerly  so  rare  and  very  expensive,  is  donbb- 
lees  destined  to  become  a  very  important  one  to  marine  engineers  from  its 
extreme  lighbiees,  and  its  power  of  resisting  oorroeive  acHon.  Its  price 
when  introdnced  (about  £1000  per  ton)  quite  precluded  its  use,  even  to 
form  an  alloy;  but  to-day,  when  it  can  be  purchased  at  £130  per  ton, 
engineers  oon  use  it  freely  to  make  bronze,  which  is  as  strong  and  elastic  as 
mild  steel.  Aluminium,  with  the  addition  of  6  per  cent  of  copper,  is  rolled 
into  sheeta  and  bars  having  a  fair  strength  and  inoorrodable,  and  cost  only 
Is.  6d.  per  lb.  Such  sheeta  have  an  ultimata  strength  of  11  to  12  tons 
annealed,  and  14  to  16  tons  unannealed,  as  against  7  to  8  tons  in  the  case 
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of  sheets  of  pure  alimdnium.  Altunininm  bronzes  in  the  cast  state  are  very 
porous,  aod  the  cryetaUine  stmctare  very  coarse.  A.  little  alaminium  im- 
proves lino  bronzes,  bat  damages  tin  bronzes. 

In  the  pore  state  when  drawn  into  wire,  it  has  a  tensile  strength  of 
about  8  tons  per  square  inch  j  by  hanunering  oold,  the  strength  is  raised 
from  aboat  7  tons  (as  cast)  to  abont  12  tons.  An  alloy  of  90  pw  cent,  of 
copper  and  10  per  oenL  of  alaminium,  when  rolled,  has  an  nltimate  tensila 
strength  of  32  to  40  tons  per  sqaare  inch. 

The  Bpeci£c  gravity  of  alnminitun  is  only  3*66,  consequently  a  cubic  foot 
weighs  160  lbs.,  a  cubic  inch  0-092  lb.,  tuid  a  square  foot  1  inch  thick, 
13-33  lbs. 

Antimony  is  used  in  very  small  quantitiea,  to  harden  other  metala  and 
alloys. 

Alloya Strictly  speaking,  onlv  alloys  c4  copper  and  zinc  can  be  called 

brMs,  but  ordinary  bronze,  as  made  for  beatings,  Wera,  and  boshes,  is  often 
called  brass,  and  from  these  drcamstancea  the  liners  of  journals  and  pin- 
bearings  are  called  "  brasses."  Alloys  of  copper  and  tin,  or  those  of  copper 
and  tin  together  with  zino  or  other  metal,  are  called  bronee.  Alloys  of. 
copper  and  zino  with  manganese  of  other  modifier  are  generally  called  zt«c 

BnSB. — ^The  yellow  broM  used  for  ornamental  castings  is  usually  composed 
of  two  parts  <d  copper  and  one  part  of  zino ;  when  car^ully  made,  castings  of 
yellow  brass  have  a  tensile  strength  of  12  to  13  tons,  but  the  ordinary  yellow 
brass,  as  supplied  by  founders,  has  a  strength  of  only  10  to  11  tons;  it  ia 
fair^  tough,  but  too  soft  for  general  purposes. 

MimtE  B  Metal,  composed  of  three  parts  <d  copper  and  two  of  zino,  can  be 
rolled  out  into  bars  and  sheets,  so  as  to  have  an  average  tensile  strength  of 
22  tons  per  square  inch,  and  in  some  cases  bars  of  this  metal  have  a  strength 
as  high  as  27  tons.  It  Li  very  ductile,  and  can  be  forged  when  hot;  it  will 
stret^  very  considerably  before  fracture,  and  may  be  used  for  springs  when 
hammered  or  cold  rollecC  and  not  annealed. 

Ub  specific  gravity  is  8-2,  consequently  a  cubic  foot  weighs  S12  lbs., 
that  of  a  cubic  inch  0-29G  lb.,  and  that  of  a  square  foot  1  inch  thick  is 
42-7  lbs. 

Hftval  BnuiS. — By  the  addition  of  1  per  cent,  of  tin  to  Unntz's  metal,  it 
has  the  power  td  resisting  the  action  of  sea-water,  while  retaining  all  its  other 
properties.  An  alloy  of  62  copper,  37  zinc,  and  1  tin  ia  known  as  naval  brass, 
twcause  of  its  extensive  use  in  the  oonstmction  of  naval  composite  ships,  and 
for  the  bolts  of  the  engine-fittings  which  are  exposed  to  eea-water  in  warciiipe. 
This  metal  can  be  forged  hot,  and  bent  cold  two  double;  its  strengtb  is 
superior  to  the  ordinary  Uuntz's  metal,  and  some  epedmens  rolled  cold  and 
nuannealed  have  been  proved  to  have  an  ultimate  strength  of  nearly  40  tons 
per  square  inch.  As  usually  supplied,  it  has  an  ultimate  strength  of  27  tons, 
with  an  elongation  of  19  to  20  per  cent  in  10  inches ;  the  elastic  limit  ia 
about  19  tons. 

Biass  Tabe  Metal — The  ordinary  brass  condensertubes  are  made  of  ■ 
composition  containing  70  per  cent,  ca  copper  and  30  per  cent,  of  zinc,  but 
the  Admiralty  require  them  to  be  composed  of  70  per  cent,  of  best  selected 
copper,  29  per  cent,  of  Silesion  zinc,  and  1  per  cent,  of  tin,  and  all  tubes 
supplied  to  the  IS'avy  have  to  undergo  the  test  described  on  p.  232. 

Boiler  tubes  for  the  Kavy  were  made  of  a  composition  of  68  per  oent.  of 
best  selected  copper  and  32  per  cent,  of  zino.    The  strength  of  the  metal  <d 
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tubes  mode  with  70  per  Cent  of  bwt  selected  copper  And  30  per  cent  SilesUa 
EUic  is  as  high  as  36  tons  per  square  inch. 

Oon-metal  or  Bronie. — There  is  no  partioalar  mixtnre  to  which  ttua  name 
belongs,  as  it  is  applied  promiscuously  to  any  oompoeitioQ  oi  copper  and  tan, 
OT  <3apper,  tin,  and  eidc. 

Tm  best  known  composition,  and  one  which  has  high  strengtii,  is  hiriy 
bard,  and  very  tough,  U  that  containing  90  per  cent  cs  oopper  and  10  per 


cent  of  tin.  Ite  t^ile  strength,  when  caref  iilly  made,  is  1 7  tons  per  sqnaie 
inch ;  its  specifio  gravity  is  8'66,  oonaequently  a  cubic  foot  wei^is  561  lbs.,  a 
cubic  inch  0-325  lb.,  and  a  square  foot  1  inch  thick  46-8  lbs.    To  insure  sound 


Mtings,  however,  it  is  necessary  to  add  a  small  quantity  of  dnc. 

A  much  harder  metal  is  mside  by  mixing  84  per  cent  of  copper  with  16 
per  cent  of  tin  ;  its  tensile  strength  is  16  tons,  specific  gravity  8'S6,  and  the 
wei^t  at  a  cubic  foot  is  634  Iba. 

For  heavy  bearings,  where  hardness  is  of  more  importance  tiian  strengtb, 
althoush  the  metal  must  not  by  any  means  lack  strength,  a  good  metal  is 
made  by  mixing  79  per  cent  of  oopper  witb  21  per  oent  of  tin ;  ita  tensile 
strength  is  nearly  14  tons  when  caref nlly  made,  and  the  average  is  13}  tons; 
the  epedfio  gravity  is  8-73,  and  the  weight  of  a  cubic  foot  is  644  lbs. 

Admlralfy  Bronzfl. — The  mixture  specified  for  propellers  and  all  bronze 
eastings,  &c.,  of  warships  is  87  per  cent  of  copper,  8  per  cent  of  tin,  and 
6  per  cent  of  zina  When  carefully  made,  this  metal  has  a  tensile  strength 
of  IS  tons,  and  the  average  strengui  of  castings  is  about  13J^  tons,  wiUi  a 
stretch  of  7^  per  cent  in  2  inches. 

Phosphor  Bronie. — This  metal  is  composed  of  oopper  and  tin,  with  a  small 
proportion  of  phosphorus.  It  is  harder  than  the  on&nary  bronze,  vary  close 
grained,  and  of  superior  strength.  The  average  ultimate  strength  is  about 
17  tons  per  square  inch,  while  that  of  some  specimens  is  as  high  as  22  tons. 
The  singular  thing  about  this  metal  is  its  high  elastic  limit,  being  very  nearly 
that  of  ihe  ultimate  strength.  Its  resistance  to  shearing  in  the  cast  state  is 
also  exceptionally  higli.  Great  care  is  required  in  melting,  and  repeated 
meltings  very  much  reduce  ite  virtue.  It  may  be  rolled  out  into  extremdy 
thin  sheets,  or  drawn  into  wire,  when  the  avertwe  tensile  strength  is  66  tons 
per  square  inch.  Phosphor  bronze  sheet  is  used  for  the  valves  ctf  air-pumps 
(vida  p.  249). 

This  Dietal  is  also  used  for  bearings,  brasses,  propeller-blades  and  bosses, 
pomp-rods,  &c. 

HanganBU  Bronze. — This  metal  is  good  zinc  bronze  improved  by  the 
addition  of  ferro-manganeee.  The  manganese  is  said  to  deoxiaise  any  copper 
oxides  which  may  be  mechanically  mixed  with  the  oopper,  so  "  rendering  the 
metal  more  dense  and  homogeneous."  The  No.  1  quality,  which  is  used  for 
furgings  and  rolling  into  rods,  plat«a,  sheets,  angles,  &c.,  when  cast  in  metal 
moulds  has  an  ultimate  strengtii  of  24  tons,  and  an  elikstio  limit  of  14  tons 
per  square  inch. 

Boiled  rods,  plates,  &c,  have,  when  mild,  an  ultimate  strength  of  28  tons, 
and  an  elongation  of  40  per  cent. ;  but  when  so  required  it  can  be  made  with 
an  ultimate  strength  of  30  to  32  tons,  an  elastic  limit  of  16  to  17  tons,  and 
an  ultimate  elongation  of  15  to  20  per  cent 

By  cold  rolling  the  strength  can  be  raised  to  even  40  tons,  but  the 
elongation  is  then  reduced  to  10  per  cent 

Iliere  are  various  other  qualities  of  manganese  bronze  manufactured  to 
suit  the  different  requirements  of  engineers. 
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This  metal  cac  be  rolled,  drawn,  and  forged,  is  very  ton^  as  well  as 
strong,  and  is,  therefore,  a  very  valuable  one  for  the  marine  engineer. 

It  is  largely  used  for  propeller  blades,  aa  by  employing  it  they  can 
be  made  rerr  mach  thinner  than  if  of  ordinary  bronze,  or  even  cast  steel. 

Stone's  Broiuse  is  a  zinc  and  copper  composition,  possessing  all  tiie 
characteristics  of  manganese  bronze,  and  is  used  very  extensively  for  pro- 
peller blades  and  engine  castioge,  where  high  tensile  strength  and  great 
ton^iness  ia  necessary. 

Ball's  Metal  is  another  of  the  zinc  bronzes  having  a  high  tensile  strength 
with  great  toughness ;  in  tiie  rolled  state  it  has  resistance  to  compression  as 
high  as  100  tons  per  square  inch. 

Delta  Hetal — The  invention  of  Mr.  Dick  is  a  high-class  bronze,  somewhat 
similar  to  manganese  bronze,  but  rather  harder  and  with  a  higher  tensile 
strength.  Castings  made  from  it  have  an  ultimate  strength  of  34  tons,  and 
resist  torsion  better  than  the  other  bronzes,  which  are,  as  a  rule,  disappointing 
in  this  respect 

Parson's  White  Brasa. — This  is  a  most  valuable  material  for  facing  and 
lining  bearings ;  the  composition  of  No.  2  quality  is  tin,  66 ;  line,  30'6  ; 
copper,  I ;  and  lead,  0*6 ;  ifs  success  as  a  bearing  metal  ia  most  unqualified, 
and  it  does  welt  in  crank-pin  brasses  at  moderate  speeds. 

BabUt's  White  MetaL — This  was,  for  very  many  years,  almost  the  only 
white  metal  used  for  hearings,  and  until  late  years  was  without  a  rival.  It 
is  composed  of  1 0  parts  of  tin,  1  of  copper,  and  I  of  antimony. 

A  very  good  white  metal  is  made  by  mixing  6  parts  of  tin  with  1  of 
copper,  6  parts  of  tin  with  1  of  antimony,  and  adding  ttke  two  mixtures 
together. 

Plnmtllie  is  a  comparatively  cheap  and  very  efficient  white  metal,  com- 
posed of  46'5  per  cent,  of  lead,  40*5  of  tin,  1 1  of  antimony,  and  0'5  of  copper. 

Ma^olta  ia  also  a  white  metal  consisting  largely  <^  lead,  and  is  well 
known  as  a  bearing  metal. 

Fsnton's  White  Metal,  which  is  used  for  stem  bushes  and  the  boshes  of 
paddle-wheels,  &c.,  is  composed  of  8  parts  of  zinc,  1'66  of  tin,  and  0'44  of 
copper;  it  is  fairly  tough  and  hard,  and  in  sandy  water  resists  wear  exceed- 
ingly well. 

Stone'B  WUte  Bronse  is  also  an  excellent  metal  for  bearings  and  crank- 
pin  brasses,  e^>ecially  of  heavy  engines  running  at  high  speed. 

Oerman  Silrer. — An  alloy  of  nickel  and  copper  and  zinc,  known  by  this 
name,  is  used  largely  for  instruments  and  for  domestic  implements,  after 
being  electro-plated.  It  is  of  yellowish-white  appearance,  fairly  hard  and 
toutm,  and  cwable  of  being  worked  ct>ld. 

Basilflns'  Metal  is  white,  in  appearance  like  silver,  it  takes  a  high  polish, 
and  resists  the  action  of  damp  air,  sea  water,  and  weak  acids.  In  the  cast 
state  its  ultimate  strength  is  14^  tons,  and  its  limit  of  elasticity  9  tons. 
When  rolled  into  sheets  it  has  an  ultimate  strength  of  32  tons,  and  in  wire 
37}  tons,  with  an  elon^tion  of  26  per  cent. 

Richard's  PUstlo  Metal — This  is  a  white  metal,  which  melts  at  a 
moderately  low  temperature,  and  con  be  worked  with  a  soldering-iron.  It  ia 
very  useful,  therefore,  for  mending  bearings  and  for  coating  damaged  brasses ; 
it  aJso  does  for  a  filling  metal,  working  well  in  bearings  and  guides. 
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TABLE  LVo. — Compobitioit  op  Whitk  (Bkabiito)  Hstals. 


n^^u^. 

Cn. 

.n. 

Sb. 

b. 

n. 

n. 

MiK>ri- 

22-2 

83-3 

4<-4 

... 

For  gUnd  p»okingt,  .        . 

7-« 

881 

8« 

... 

2-fl 

... 

Uaad  in  the  Oennftn  mvj. 

7-6 

SftO 

7-5 

„         Franch      „ 

70 

7-6 

785 

7-0 

... 

BritJ*h       „ 

B'6 

86-0 

8-6 

... 

... 

FeDt«ii'«.   .... 

4-4 

16-e 

... 

7B-0 

... 

lUgDoli^.        .        . 

4-6 

21-0 
13-0 

78-0 
82-0 

1-0 

King.ton'«.         .        . 

6-0 

88-0 

... 

... 

«Hg 

FanoD'i  white  brua, 

611 

I7-S 

0-8 

7ei 

... 

... 

„         „       mete], 

Ifl 

58-6 
68-0 

2-0 

SB'S 
30-6 

Oi 

10-0 

... 

10-0 

SO-0 

... 

„   hMvily  luded  b<mriDgt, 

64-0 

6-0 

... 

30-0 

... 

iNi 

PhuntiiM,  .... 

06 

40-5 

11-0 

48-« 
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parCES  or  materials. 


TABLE  LVIo.— Pbiobb  of  Matbhials. 


Pig  iron,  BlaBiwron,  cold  blMt,  No.  3,      . 

„       Shropahire,  „  „  .        , 

„      Hnmktite,  Weat  Coaat,   „ 
EBBtCoui,     „ 
,,      Sootob,  good  braod,         „ 
„  „  „  No.  1,     . 

,,       Clevelaiid,     „  No.  3,      . 

No.  I,      .        . 
,,      Liuooln,        „  FouDdry, 

„       Derby,  „  „        .        . 

^Vrought  Iron,  C3eTslMtd  but,  ordiiiUT, . 
II  >•  ..    be«t, 

,1  „         ahip  platoa, 

„  St«fford«biro,  beat  b«r,     . 

Steel,  BDglea  and  teea,  ahip  qiuUtj,  . 

,,  pl^ea,  ahip  qiulity,  .... 
„  boiler  pUtet,  Bo«rd  of  Trade,  Jto.,  .  , 
„  forgiiira,'plMn  ahftfto,  with  ooapliDgi,  . 
„     for  toda,  oommoD, 


S    0  0 

2  IB  0 

8  17  0 

S  18  0 

£3  3a.  to3    7  0 


2  II  0 

6  10  0 

e  IS  0 

e  IS  0 


£14  to  IB    0    0 


O^periogots,  O.H.B., GS  10  0 

„         „      tongfa, MOO 

„         „       beataeleeted, B7    0  0 

„     looofDotiTo  platei, 72    0  0 

„     iheeta 6800 

„      pipea,  solid  drawn,  1}  in.  to  8  in 0    0  8} 

„         „            „       niiderliin.andoTerSin.,    .        .  0    0  Sf 

„     brued, 0    0  8( 

Brftaa  oondonaer  plates,  MercMitile,  .... 

„       Naval, 

„  „        tnbea  66  per  oent.  copper, 

„  „  „     70       „  „      Meroaotile, 

„     70        „             „       Admlnlty,      .  0    0  81 

Tin,  Englith  iiigota, 124    0  0 

Zinc,  lUba,  SUeaiao, 19  10  0 

„        bert, 10  IS  0 

Alaminiium,  ingota,  Noe.  1, 2,  «nd  4,        .               .        .  130    0  0 

„           „       No.  a, 120    0  0 

„        alieeta,  from  No*.  I  to  30,  wire  gauge,    £154  to  224    0  0 

Lead,  pig ..... 


79    A    0    per  ton. 


0  0  61 
0  0  71 
0    0    6 


£14  lOd.  to  IS    0    0 
0     1    0 


Gemuo  ailTer  abeet, . 

Mnnta  metal  ibeet, 

Naval  braaa  rods, 

Fboaphor  bronie,  ingota,  for  general  oastingi,  . 
„  ,,       auitable  for  bearinga, 

Maoganeoe  brooie,  ingota,  .... 

Stone'a  btonze,  ingota  for  ordinary  caatinga,     . 

Antimony,  oakea, 

Bimnotb 

Flatinnin  wire, 


0  1    8 

0  12 

0  0    6 

0  0    6} 

.      87  10   0 

.      92  0    0 

0  0  Hi 

0  0  11 

£70  to  80  0    0 


£160  to  ISO    0  0       „ 

17  16  0       „ 

19  10  0 

0    1  0  petlb. 

li,2AtoO"i"s       "t 

0  0    71      „ 

0  0    Si      „ 

102  0    0   perton. 

IIS  0    0 

(boaia)      0  1    24  per  lb. 

0  14., 

£90 to  106  0    0    perton. 


mow         ,, 
0    7    Oporlb. 
4  11     6per<».Tn>y. 
4  11    6  „ 
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BTESL  FORGIHOa 

TABLE  LVIII. — Steel  Foboinos  (Amebican  Standabd). 
Pbocbbb  or  HAnDYiorcBB. 
1.  Steel  for  lorgiiigi  m»y  be  nuuie  b;  the  open  hearth,  omoibla,  or  . 

Chimhui.  Fsopbrtixs. 


C»bonSt«l. 

DOt 
AUDMlCd. 

CuboDsUcI, 

PhoR>honu  tb&U  not  exoaed 

tticeot. 
010 
0)0 

0<« 
OM 

Percent. 
004 
004 

004 
0-0* 
3-7S 

Phtsioal  Fropektib. 
3.  The  minimniii  phyaioal  qoalitiet  required  of  the  diSerent  giied  forgiugi  of  each 
elaaa  ihall  be  m  follows : — 


TiniLBTnTS. 

sa 

TMd 
Point. 

Klnobei, 

Contru- 

Lb*,  pa 
9q.lMb. 

9,.  Inch. 

L„... 

PetMDt. 

S<ift  sua  or  Lou  Carbm  Sud. 

58,000 

29,000 

2t) 

36 

\  For  Mlid  or  hollow  forgingi,  no  diuneter  or  thick- 
i      nemof  ■eationtoexoeedlOinehe*. 

Carixm  Stal,  not  Amualtd. 

75,000 

37,600 
40,000 

18 

» 

\     ueet  of  aeotion  to  exceed  10  inohe«. 
Carbm  Stal,  Annmltd. 

80,000 

22 

3fi 

1  F<w  lolid  or  hollow  forgingB,  no  diametM  or  thiok- 
1      nesa  of  Boction  to  exceed  10  inofaes. 

7N000 

37,600 

23 

36 

{      or  thiokneaa  of  seotion  15  iDohea. 

70,000 

35,000 

24 

30 

For  Bolid  forgings,  over  20  inohea  diameter. 

90,000 

Point. 
55,000 

SO 

15 

Qirixm  BtMl.  on  TtmptTtd. 
I  For  solid  or  hoUow  (orginftt,  no  diameter  or  thiok- 
)      nei*  of  aecliOD  to  exoeed  3  inahea. 

85,000 

60.000 

22 

46 

(  For  Bolid  forgings  of  reotanziilAr  eectiona  not  ex- 
)      oeeding  6  inohM  in  thiokneafi,  or  hollow  forgingi, 
i     the  walle  of  which  do  not  exoeed  6  inohw  in 
(      thioknns. 

i>,iiiz.oB,Google 


HAHDAL  or  MARINE  ENOIHEIRINO. 


TABLE  LYIII.— Stekl  Fosqinos  {Contimud). 


TranuTHH. 

as5 

SSI 

Cmtno- 
ttmof 

«yi 

ItiSS. 

PR«mL 

Errant. 

80,000 

4S,000 

33 

40 

the  wallB  ol  whioh  do  not  oxoeed  10  inehea  in 

80,000 

S0,000 

26 

4S 

For  wlid  or  hollow  forgings,  no  duuneter  or  thick- 
neu  ofaBotiontoMoeedlOiDohM. 

80,000 

4S,O0O 

26 

45 

For  aoUd  fwpnm,  no  diMO0t«r  to  sxoeed  SO  inehea, 
or  thickneM  ol  MOtfon  16  iaobm. 

80,000 

•W,000 

24 

40 

NkM  BttO,  OU  Temptnd. 

96,000 

65,000 

81 

CO 

\  For  loUd  or  hollow  forgintn,  no  diuneter  or  thick- 

f      nmotMotioatoexoNdSinoheiL 

(  For  MUd  forgiDgi  of  raotugnlM'  wotioiw  itot  «i- 

90,000 

aoiooo 

22 

60 

}     the  wdla  of  whi<^  do  not  exoeed  C  iiiob«a  in 

85,000 

66,000 

24 

46 

)     ONdins  10  inohM  in  thiokneM,  or  hollow  forginn, 
]     thTirai*  of  whioh  do  not  uoeed  10  ina&Mln 
(     thioknML 

on  outMde  of  b«nt  portion,  •■  followa :- 


,»l».T-. 

For  forging,  of  wft  iteeL 

„             oubon  itMl,  not  KinNJed. 

„    ifiindeT20>ooh«idi«nieter. 

niokel  iteel,  uineftlea. 

oil  tempered. 
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SOLID  HATTBR  IN   SOLUTION  IN  WATKR,  605 

SoUd  Hatter  in  Bolation  in  Water. — ^Frofeasor  Virian  Lewes  gives  the 
following  MtalTsee  m  fairly  represenciDg  the  salts,  &e.,  held  in  solution  ia 
(1)  ordinarj  river  water,  (2)  in  tidal  rirera  near  their  eatnaries  and  well 
water  near  the  aea,  and  (3)  in  ordinary  sea  water  : — 


TABLE  LIX. 

BiTV. 

BnofeUi. 

Bh. 

So^o^on^^ 

SiUoa 

OxHesofironandalnraina,     .... 

SK-^""-;    :;:::: 

76-86 
8-68 
2M 
0-46 
7-86 
2-96 
3-U 
8-20 

43-85 

84  78 
4-34 

o-se 

7-62 
3-44 
1-66 
4-16 

0-97 
86-63 
8-39 
279 
1-10 
0-32 
traoe 
6-90 

100-00 

100-00 

100-00 

The  following  are  given  by  him  as  analyses  of  the  deposits  found  in  ic 
marine  boiler  using  salt  water  as  its  extra  supply  and  the  engine  getting 
its  internal  Inbriostion  in  the  usual  way  with  vatvoline,  which  is  a  mineral 
oil  having  a  specific  gravity  of  0-889  and  the  boiling  point  700°  Fah. 
It  is  quite  free  from  free  acids,  and  should  be  quite  free  from  any  animal  or 
vegetable  oil  or  &t,  and  therefore  highly  suitable  for  snob  a  purpose. 

TABLE  LX.— BoiLBB  Deposits. 


SOAIA  TKOH  FUKNACB. 

Dn«aiT  paoM 

Tnara. 

Top. 

Tram 
Below. 

TnbH. 

Scala. 

Caldo  sulphate,    . 

H^eno  hydrate', 
Iron,  altuniiu,  and  silica, 
Ort^o  matter  and  oil, 

Al^i^'     '. 

84-87 
6-90 
283 
2-37 
3-28 
0-80 
nil 

6911 

6-07 
11-29 

2-86 
IS -64 

114 

ml 

Caldc  sulphate,   . 
„     carbonate, . 

Iron,  alnmina,  silica,  ftc, 
Organic  matter  and  oil, 
Moiatnre,      . 
Alkaliee,       .         .        . 

60-92 
4-18 

1412 
7-47 

21-06 
1-17 
1-08 

H-60 
0-82 

22-21 
9-14 

60-20 
4-23 
1-80 

100-00 

100-00 

100-00 

100-00 

lEOM  Bo 

moK  Of  Boiler. 

Magnedo  hydrate,      .       . 
Silica,  alamina,  and  iron,   . 
Orgsnia  matter  and  oil,      . 

22-62 

na 

7-09 
34-86 
27-96 

6-79 
I'M 

lOOflO 

On  careful  examination  of  the  organic  matter  and  oil  present  in  these 
deposits,  it  was  found  that  quite  one-half  of  it  was  "valvoline,"  in  an 
nnchanged  condition,  which  biad  ooUeoted  round  small  particles  of  calcie 
sulphate^ 
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608  lUMCU.  or  MARINI  BNOINKBBIKa. 

Tha  Effect  of  Hrat  oo  tbe  Stnogth  of  Hetals.— In  these  da^a  of  high 
prewnree,  mnd  vith  Bup«rheatiog  likely  to  become  general,  it  ia  of  very 
gre»t  importance  to  know  how  fitr  the  metftla  need  by  engineers  are  affected 
by  rise  of  temperature  both  in  strength  and  atractare.  Steam  (saturated) 
at  a  pressure  of  150  lbs.  above  tbe  atmosphere  has  a  temperature  of 
366°  Fah. ;  at  a  pressure  of  200  Iba.  the  temperature  ia  387°  Fah. ;  at  250 
lbs.,  406°  Fab.,  and  at  300  lbs.  421*  Fah.  Superheating  may  raise  the 
temperature  almost  to  any  degree,  and  on  shore  aa  mn^  as  600*  Fah.  is 
apoken  of  as  desirable.  In  any  case,  however,  within  the  H.P.  cylinder  the 
temperature  will  seldom  much  exceed  that  of  the  saturated  stoam  of  the 
same  pressure  na  in  the  valve-box.  It  may,  therefore,  be  taken  as  a  general 
rule  tnat  the  H.P.  cylinder  and  its  internal  fittings  must  be  suitable  for  a 
temperature  of  450°  Fah. ;  the  medium-pressnre  cylinder  for  350°  Fah.,  and 
the  low-pressure  cylinder  for  250*  Fah.,  and  the  condenser  top,  200°  Faib. 

Cast  Iron  is  little  afibcted  by  auoh  temperatures  as  the  above.  Tredgold 
states  that  oast  iron  was  by  no  means  reduced  in  strength  by  beat  ap  to 
600*  Fah. 

Wrought  Iron  and  Steal  (Mild  Ordinary)  gain  in  ultimate  strength  with 
rise  of  temperature,  so  that  at  400*  Fah.  it  is  10  to  15  per  cent,  higher  than 
when  at  60   Fah.,  hnt  with  a  reduction  in  the  extension. 

Copper. — Pure  copper  is  seldom  or  never  used  in  modem  engineering. 
Commercially,  pure  coMier,  as  in  pipes  and  sheets,  is  not  much  affected  by 
heat  up  to  fiOO  Fah.  Sir  W.  Roberta-Austen  found  that  very  pure  copper 
having  a  tenaile  strength  of  29,600  lbs.,  with  27  per  oent.  extension  at  09 
Fah.,  had  30,900  Iba.  with  30  per  cent,  at  312°  ;  30,090  lbs.  with  23  per 
cent,  at  304' ;  29,020  Iba.  with  25  per  cent  at  424° ;  28,240  lbs.  with  37  per 
cent  at  480* ;  and  25,390  lbs.  with  21  per  oent  at  617*.  Also  that  copper 
containing  only  0-2  per  cent  of  arsenic  had  an  ultimate  strength  of  30,150 
Iba.  with  30  per  oent  extenaion  at  64*  Fah.,  and  30,880  lbs.  with  30  per  cent. 
at  214';  30,960  Iba.  with  21  per  cent  at  290',  and  28,730  lbs.  with  30  per 
cent  at  480*.  Such  copper  as  this  ia  very  suitable  for  steam  pipes.  Oopper 
containing  0*5  per  oent  of  araenic  is  also  good  for  locomotive  fire-box  plates 
as  at  835*  Fah.,  and  its  tensile  strength  as  much  aa  20,000  lbs.,  with  13  per 
cent  extension.  Professor  ITnwin  states  that  rolled  oopper,  which,  at  60* 
Fah.,  had  a  strength  of  40,000  lbs.,  had  38,600  at  212',  36,000  at  350',  and 
33,000  at  636°. 

Gaometal  or  Adadrall?  Bnnxe,  which  at  60*  may  be  taken  aa  having  a 
tensile  strength  of  15-3  tons  with  an  extension  of  1 2-6  per  cent,  baa  31,000 
Iba.  with  10  per  cent  at  200*;  29,800  lbs.  with  8-26  at  360°;  but  only  15,700 
Iba.  with  0'7o  per  cent  at  400° ;  at  500*  Fah.  the  strength  is  about  the  same, 
but  with  no  extenaion  whatever.  Qunmetal  with  mor«  gina  in  its  com- 
position, say,  15  per  cent.,  has  a  tensile  strength  of  29,000  lbs.  with  an 
extension  of  26  per  cent ;  at  400*  Fah.  it  is  still  27,760  Iba.  with  25  per 
oent,  but  at  450°  it  drops  to  9700  lbs.  with  1-2  per  cent.  only. 

Nar&l  Brass,  which  at  60°  has  a  strength  of  60,000  lbs.  with  an 
extension  of  19  per  cent,,  still  has  62,000  lbs.  with  16  per  oent  at  400°;  at 
600°  the  strength  >>  sbout  the  same,  with  an  extension  of  over  13  per  cent 

Phosphor  Bronze  (oast)  with  a  tensile  strength  of  39,000  lbs.  and  an 
extension  of  17-6  per  cent,  at  60°  Fah.  has  about  the  same  strength  at 
200*;  37,000  lbs.  with  15  per  oent  extension  at  260°;  36,700  with  12  per 
oent  at  300° ;  29,400  with  7  per  oent.  at  360° ;  and  27,000  with  6  per 
cent  at  400*  Fah.,  and  the  same  at  600*  Fah.      KoUed  phosphor  bronsa, 
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008  ItANUAL  or  lURINI  ENQIKSKRINO. 

with  A  strength  of  S8,C00  Iba.,  and  aa  extension  of  6-3  per  cent,  and  an 
datlui  limit  of  62,000  Iba.  haa  67,600  lbs.  with  8-2  per  cent.,  and  an  elastic 
limit  of  64,600  lbs.  »t  400*  Ffth. ;  and  at  600*  Fah.  the  strength  is  as  high 
as  60,000  lbs.  wiA  9-0  per  oenL  extension,  the  elastio  limit  falling  to  64,000 
lbs.  odIt. 

Bull's  MflUl,  of  soft  quality,  rolled,  has  a  strength  of  73,000  lbs.  with  an 
extension  of  16'4  per  cent.,  the  elastio  limit  being  64,000  lbs. ;  at  300'  Fah. 
it  stood  60,700  lbs.  with  12-7  per  cent,  extension,  and  at  400",  56,750  lis. 
with  14-6  per  cent,  the  elastio  limit  being  then  as  high  as  47,000  lbs. 

Alcta'l  Hetal,  which  at  60*  Fah.  has  a  tensile  strength  of  57,300  lbs. 
and  49,600  lbs.  at  212*  Fah. ;  it  has  still  36,600  lbs.  at  482*  Fah. 

AhuDlnhlffl,  which  at  60*  Fah.  has  a  tensile  strength  of  26,000  lbs.,  has 
at  212°  Fah.  21,280  lbs.,  at  300*  Fah.  16,100  lbs.,  at  390*  Fah.  14,100  lbs., 
and  at  480'  10,750  lbs. 

Hauganeu  Bfotue,— Parson's  No.  6  metal,  which  has  a  tonnlo  strength 
of  over  76,000  lbs.,  with  an  ultimate  extension  of  25  per  cent  at  100°  Fah., 
still  has  56,000  lbs.  at  460*  Fah.,  with  an  extension  of  27  per  cenL,  and  is 
Bpeoisllj  designed  for  boiler  and  cylinder  mountings  and  other  castings 
exposed  to  high  temperatures. 
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OILB  AND  LCBBIOAHTS. 


CHAPTER  2XVI. 

OILS   AITD  LUBBIOASm — BRQIHB  FRItmOH. 

In  theu  days  of  Urge  engiaea  uid  high-Bpeed  engines  the  qnality  of  the 
Ittbricant  used  is  of  first  importance,  Notwithatanding  thia,  it  is  by  no 
means  an  nnoommon  thing  to  find  th&t  a  shipowner,  ^ter  paying  a  con- 
siderable price  to  have  a  firat-olaaa  engine,  will  anpply  the  engineer  with  an 
inferior  ou  for  the  Bake  of  saving  2d.  a  gallon.  The  falseness  of  this  economy 
is  apparent  when  it  ii  known  that  there  may  be  a  difference  of  as  much  aa 
6  per  cent,  in  the  efficiency  of  an  engine  by  naing  an  inferior  oil  as  against 
a  good  one,  and  that  with  inferior  oQ  the  wear  and  tear  of  braases,  Jcc.,  may 
be  also  serious,  whereas,  with  a  proper  anpply  of  a  good  lubricant  there 
should  be  really  no  wear  or  tear.  At  the  same  time,  it  maat  be  admitted 
that  the  method  of  lubrication  generally  observed  on  board  ahip  ii  a 
primitive  and  likewise  very  wastofdl  one.  Surely  some  system  of  con- 
tinuous ciroulation  of  the  same  oil  might  be  followed  with  the  same  good 
results  and  aconracy  aa  obtain  with  electrical  engines  on  shore.  But  it  is 
quite  true,  however,  that  to  attain  this  end  the  use  of  water  on  the  bearings 
must  first  be  stopped  entirely  aa  a  general  practice,  and  only  resorted  to  on 
emergency ;  no  doubt  this  practice  can  be  safely  followed  if  the  oil  is  passed 
through  the  bearings,  pins,  &c.,  as  lavishly  as  is  the  case  with  the  electrical 
engine.  In  the  meanwhile  it  is  qnite  possible  and  comparatively  easy  to 
devise  a  system  whereby  the  oil  &om  the  bearings  can  be  collected,  separated 
from  the  dirt  and  water,  and  so  dealt  with  as  to  be  used  over  again ;  it 
could  consequently  be  supplied  much  more  freely  than  it  the  case  now  with 
the  lubricating  gear  at  present  fitted  to  modem  machiaery. 

OilB  are  of  three  kinds — animal,  vegetable,  and  mineral — and  have  pro- 
bably been  discovered  and  used  by  mankind  in  this  order.  The  two  former 
are  called  fixed  oils  because  they  will  not  volatilise  without  decomposition 
aa  do  the  mineraL 

Of  Animal  Oils,  the  ones  most  used  by  engineers  are,  neat's  foot,  lard, 
whale,  and  sperm. 

Sp»rm  Oil  is  obtained  from  the  head  of  the  aperm  whale,  and  is  a  very 
high-class  labrioant,  in  fact,  there  is  none  better  for  guides  and  bearings,  dw., 
oi  eugiaes  of  all  sizes.  It  is,  however,  of  high  price,  and  there  are  other 
mixed  oils  almost  as  good  for  marine  purposes  to  be  obtained  at  a  much 
lower  price. 

Whale  Oil,  better  known  in  other  days  as  train  oil,  is  not  often  used  by 
itself  as  a  lubricant,  although,  of  course,  it  could  be  on  an  emergency  if 
properly  refined  so  as  to  be  free  from  any  aubstance  that  would  easily  solidify 
and  become  hard  like  a  gum.  It  ia  now  generally  used  for  tempering  large 
steel  forgings,  &c. 

Lard  OU  has  not  been  used  on  board  ship  in  this  country  as  a  lubricant, 
but  in  America,  as  also  nowadays  in  this  country,  it  is  known  aa  a  good 
lubri(»nt,  having  a  viscosity  equal  to  that  of  olive  oil,  and  found  to  be  the 
best  oil  for  using  on  the  quick  cutting  modem  machine  tools  when  being 
forced  to  their  utmost  power. 
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Statt  Foot  Oil,  obtained  from  the  fat  of  the  feet  and  hocks  of  bnllocki, 
WM  «  faToarite  one  with  older  eaf^iaeen,  and  is  still  used  bj  oil  maun- 
Cfccturera  to  mix  with  other  oils,  generally  mineral,  so  as  to  form  a  Inbricuit 
Buitttble  for  geaeral  purpoaest      -    -    . 

Vegetable  Oils. — The  ones  best  known  to  ongiueers  are  : — Olive,  castor, 
colioi,  rape,  palm,  cotton-seed,  Unseed. 

Linteed  Oil,  obtained  from  the  seed  of  flax,  il  not  suitable  for  a  lubricant, 
b«t  is  verj  useful  to  the  engineer  in  other  ways. 

CoUon  Oil  ia  .expressed  from  the  seed  of  the  cotton  plant;  when  refined  it 
U  oolonrless  ^d  tasteless.  It  may  be  used  instead  of  lard  oil  for  cutting 
tools,  as  also  for  mixing  with  other  oils.  It  is  rather  too  volatile  for 
ordinsrv  marine  purposes,  and,  in  fact,  from  the  tendency  to  dry  up,  it 
j>  hardly  looked  upon  as  a  safe  lubricating  oil. 

I*nlm  Oil,  ID  the  form  of  grease,  was  formerly  sometimes  used  for  the 
OQter  bearings  of  paddle  ships,  and  for  the  fillii^  of  the  centre  recess  of 
tunnel  shafting  bearing  blocks.  It  may  still  be  used  for  these  purposes 
ioatead  of  tallow  on  stations  where  it  is  ciieap.  It  is,  however,  now  hardly 
in^the  purview  of  the  marina  engineer  as  an  every-day  Inbricant 

Rape  and  Colza  Oil*,  expressed  from  the  seed  of  rape  or  wild  turnip,  are 
very  much  liked,  and  used  generally  by  locomotive  engineers;  apparently 
feuerally  for  tb$  reason  that,  white  being  good  lubricants  they  also  are  good 
Tamp  oils  and  not  liable  to  the  dangers  of  fire  as  ia  petroleum,  for  the  latter 
purpose  wheQ  an  accident  occurs,  a  matter  of  great  consideration  before  the 
days  of  train  lighting  by  ftas. 

CattoT  Oil,  extracted  from  the  oastor  oil  bean,  is  largely  used  on  board 
ship  in  the  E^t  Indies  where  it  is  cheap  as  well  as  plentifol.  It  is  a  very 
good  lubricant,  and  may  be  used  with  advantage,  especially  in  hot  climates, 
where  it,  as  other  oils,  are  apt  to  run  thin.  It  may  here  he  mentioned  that 
the  lubricating  value  of  an  oil  depends  very  much  on  the  teQi[>erature  at 
which  it  works. 

Olive  Oil,  expressed  from  the  fruit  of  the  olive  tree,  has  been  used  as  a 
lubricant  on  board  ship  very  extensively,  and  is  a  most  satisfactory  one, 
being  suitable  to  bearings  and  guides  of  all  sizes.  A.t  one  time  it  was  the 
only  oil  used  in  the  British  Navy,  and  when  replaced  by  Rangoon  oil  by  an 
economy-seeking  Board,  it  was  shown  to  be  not  so  extravagant  as  the  price 
seemed  to  indicate.  Olive  oil  solidifies  at  36°  Fab.,  and,  like  castor,  has 
good  visoositv  at  fairly  higli  temperatures. 

Hineral  Oils-^These  oils,  quite  unknown  to  the  old  engineers,  are  now 
in  very  general  use  both  for  internal  and  external  lubrication,  and  seem 
destined  to  oust  other  oils  from  the  marine  engine-room.  The  chief  supplies 
are  from  Sonthero  Russia  (Baku)  and  from  the  United  States  of  America, 
although  petroleum  is  known  to  exist  in  almost  every  part  of  the  world. 
In  this  oountry  we  have  a  somewhat  similar  article  in  our  Scotch  shale  oils, 
obtained  by  the  distillation  of  shale  and  separated  from  the  paraffin  con- 
tained therein. 

Tba  petroleum,  as  obtained  from  the  wells,  is  a  thick,  treacly  substaaoe, 
Russian  having  a  specific  gravity  as  high  as  0*938,  and  the  American  0'886. 
After  refining,  the  residue  known  in  Russia  as  AtlaiJn,  is  used  for  fuel  on 
board  ship  and  on  locomotives.  The  American  residuum  has  a  specific 
gravity  of  0-928,  and  is  also  used  for  fuel. 

Between  that  and  the  highly  inflammable  light  oils,  such  as  petrol, 
benzaline,  Jk.,  are  a  lai^e  number  of  grades  having  varying  densities  as 
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well  as  TiBcositiea  and  distilled  &t  different  temperatures.  Among  them 
are  oils  suitable  for  the  heavy  bearings  of  marine  engines  as  well  as  the 
light  ones  of  the  smaller  kinds  ;  also  oils  whose  evaporating  point  ia  high 
and  therefore  suitable  for  the  internal'  lubrication  of  marine  engines.  All 
these  refined  oils  are  pare  hydrocarbons — that  is  to  say,  they  are  composed 
only  of  hydrogen  and  carbon.  They  will  not  saponify  in  the  ordinary  way 
nor  form  free  fatty  acids  at  all,  and  therefore  may  be  used  safely  for  internal 
lubrication  without  fear  of  damage  to  the  castings  or  to  condenser  and 
boilen.  At  the  same  time,  it  is,  of  course,  advisable  to  prevent  the  passage 
of  any  oily  matter  whatsoever  to  the  boiler,  whether  it  be  some  of  the'  pure 
oil  carried  along  without  destruction,  or  the  refuse  ^ter  use  in  the  engine. 
The  following  tables  give  the  leading  characteristioB  of  the  above  oils : — 

TABLE  LXII.— SpBCirio  Obavitt  or  Oiu  whbh  at  60*  F. 
Archbult  and  Deeley. 


Sperm  oil, 

Neat's  foot  oil, 

Whale  (Al,    ...... 

SealoU, 

Forpoiae  oil, 

Olive  oil, 

Rape-seed  or  Colza  oil,         .        .        . 

Cotton-seed  oil, 

Castor  oil 

Palm  oil, 

Rosin  oil 

Sootcb  lubricating  oils, 
American  dark  macbineiy  oils,    . 
„       liaht  „  .       . 

„         cyluuler         „  .         . 

Russian  pale  for  light  machinery  oils, 


0-880 
0'91S 
0-9i« 

0-922 


0-897  „  0-620 

0-886  „  0005 

0-895  „  0-903 

0-903  „  0-910 


TABLE  LXIIL — Density  of  Oils  at  YARioua  Teupebaturbs. 
ArchhuU  and  Dedey. 


Sperm  oil,   . 
Ohve  oil,     . 
Rape  or  Colza  oil. 
Castor  oil,  . 


Rossiaa  mineral  ligbt  machinery  oil,  . 
„  heavy  „ 

American  mineral  spindle  oil,     . 
„  red  engine  oil, 

„  Bajonne  engine  oU, 

„  dark  medium  machinery  o 

"ValvoKne,"      ..... 

Dwk  filtered  cylinder  oil,  "900," 


0-8973 
0-9096 
0-8677 
0-9162 
0-B113 

o-sr" 


S     0-8637 

»    o-oou 

1      08006 

0-0473 

3      0-8633 

0-8761 


0-S220 
0-8596 
0-8596 
0-9060 


0-8797 
0-8514 
0-8587 
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TJt*  Ituk  PokU  of  AmeriMtn  oyliodi 


(sp.gr.,  0-908)  U  SStr  F. 
„  (    „       0-693)  is  424*  P. 

,,  „         mmohinery  oil  (    „       0-697)  ia  402"  F. 

BnuUn  „  (    „      0-009)  is  SSO"  F. 

7^  Boitiitg  Point  at  miaenl  oili  is  aQOissllj'  higH,  and  in  the  osae  of  rafined  ■*'■""-< 
oils  aeldoin  less  thsn  000*  F. ,  th&t  of  linseed  oil  being  002*  F.  The  Amarican  cals 
&re  seldom  flaid  >(  k  tempenture  nnder  23*  F.,  while  the  Rossisn  gaaenHj 
remsin  so  ss  low  as  0*  F. 

B«pe  oil  solidifies  st  freasing  point  (32*  F. ),  l>rd  oil  at  40°  F.,  sperm  aQ  st 
39*  F.,  and  oUre  oU  at  36*  F. 

TABLE  LXIV. — Tiboositt  or  Oils  at  Yarious  Tbhpkratdbbs  (Watib 
AT  68*  F.  BHiiQ  0-01038) — AnMtUt  and  Deehy. 


MsmatrfOO. 

«r-r. 

vxrr. 

wrr. 

sif  r. 

Sperm  oiL 

O-4SI0 

0-185 

0-0S5 

O-Otf 

1-008 

0-377 

0-164 

0-070 

Rape  or  Colsa  oU,       .        . 

1-118 

0-422 

0-177 

0-080 

8oatohDiiDer«loU"86S,"  . 

0-146 

0-066 

0-036 

0-fi09 

0183 

0-069 

1-168 

0-307 

0-0B9 

0-043 

3-6»2 

0-7fi2 

0-196 

0-066 

Amerioan  spindle  oil, . 

0-727 

0-236 

0-086 

0039 

„        pale         „    "iOSri," 

1138 

0-342 

0116 

0-019 

1-479 

0-419 

„        red  engine  oil"  910/20," 

1-916 

0-490 

0:160 

0-06S 

"Bayonne"  engine  oil  "912/16. 

2-172 

0-572  . 

0-173 

8-046 

0-705 

0-210 

0-076 

"Valvoline." 

2-406 

0-187 

Amerioan  altered  cylinder  oil  '■  888." 

3-702 

0-2S8 

„       dark           „       „  "900," 

... 

6-264 

0-314 

TABLE  LXV. 

— BOILINQ,  SbTTINO 

AND  Flash  Points 

Hsm»  or  Bruk 

ofoa 

»... 

PlSSlUiSt 

Botbit 

Amerioan  oylloder,  sp.  gr. 

-803, 

26 

26 
OtolO 

32 
84  to  60 

14 
25  to  42 
6,.  17 
32  .,60 
21  „30 
10„28 

61  to  106 

32 
104  to  ISO 
107  „  119 

424 

iixt 
360 

600 
700 
600 

BBS 

674 

600 

m 
m 

AmeriasD  machine,  sp.  gr. 
Russian 

-897, 

■909,        ..        . 

;; 

460 

440 

eto 

Palm  oil, 

Tallow  (Rosslan) 

•40 

ogle 
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TABLE  LXVI.— Peiok  prr  Gallor  of  Vaeioub  Oils. 
J.  L.  Seaton  A  Co.,  HvU. 


Kirna  Dt  (M. 

vJ^«. 

HMMOf  OIL 

vJ^^ 

Cartor  oil,  . 

CoUaoa,    .... 
Rape  oil,    .... 
Cotton-i»ed  oU, .        .         . 
LinsMdoil.         .        .        . 
OUve  oil,    ...       . 

Palm  oil 

Sperm  oil  (oommoD),  . 

NeafB  foot  oiL   . 

LardoU 

Amorioan  lubrieating  (good), 

s;.  to  3/3 

Componnd  Oils. — The  oils  moat  generally  used  on  Bbipboard  for  external 
lubrication  are  compounded  of  a  mineral  oil  and  one  or  more  of  the  fixed 
oils.  Mineral  oil  of  itself,  although,  on  the  whole,  a  good  lubricant,  is  not 
Bailable  for  bearinge  or  gnidee  which  have,  or  nay  have,  a  greater  preasure 
per  square  inch  than  70  lbs.  Moreover,  increasing  the  viscosity  of  a 
mineral  oil  by  other  denser  oils  does  not  improve  it  for  the  purpose,  and,  in 
&ct,  is  often  the  means  of  causing  greater  friction.  If,  however,  a  fixed  or 
latty  oil  be  compounded  with  the  mineral  oil  in  a  proper  way  so  that  they 
do  not  separate  out  when  standing  still,  the  compound  will  form  a  suitable 
Inbricant  for  higher  pressures  than  the  above.  TLe  higher  the  pressure  per 
square  incb,  the  greater  viscosity  must  be  given  to  the  lubricant  by  adding 
fatty  oils  of  higber  viscosity.  It  will  also  be  observed  by  reference  to 
Table  Ixiv.  that  mineral  oils  whose  viscosity  is  very  high  at  60°  Fah.  are 
the  very  ones  whose  viscosity  rapidly  decreases  with  an  increase  of  tem- 
perature, and  although  the  &tty  oils  also  decrease  ia  viscoaity  aa  the 
temperature  rises,  their  rate  of  fall  is  not  so  great.  In  other  cases,  hov- 
ever,  pure  mineral  seems  to  be  laolcing  in  what  Messrs.  Archbutt  and 
Deeley  term  "oiliness." 

Mineral  oils  are  sometimes  thickened  in  viscosity  by  dissolving  certain 
BOapa  in  them,  the  favourite  for  this  purpose  being  aluminium  soap,  which 
is  made  by  saponifying  whale,  cotton,  or  even  lard,  oils  and  caustic  soda, 
and  pouring  into  it  when  hot  a  solution  of  common  alum.  This  is,  of 
oonrse,  an  adulteration,  but  not  altogether  a  bad  one,  inasmuch  as  the  oil 
then  sticks  to  the  journal  much  better  than  it  did  in  the  pure  state  and  gives 
a  better  lubrication  to  the  bearing.  The  soap,  however,  is  liable  to  start 
out  and  obstruct  the  oilwaya.  When  mineral  oil  baa  been  treated  in  this 
way  it  can  generally  be  detected  by  the  tendency  to  threadiness  when  tbe 
cork  is  drawn  from  the  bottle  of  the  mixture. 

The  oils  most  generally  used  for  compounding  with  mineral  oila  are : — 
Rape,  olive,  lard,  neat's  foot,  whale,  and  sperm.  Castor  oil  will  not  dissolve 
in  and  compound  with  a  mineral  oil  unless  it  is  first  treated  with  an  equal 
Tolume  of  tallow  oil.  It  ia,  however,  not  often  used  for  the  purpose.  Rosin 
oil  ia  aometimes  uaed  to  increase  the  specific  gravity  of  a  compound  oil  as 
well  as  to  improve  its  viscoaity.  It  does  not,  however,  improve  its  lubri- 
cating powers,  and  as  it  inoreaaes  the  tendency  to  gumminess  it  should  be 
avoided.  Marine  engineers  usually  prefer  the  compound  oil  to  a  pure 
mineral  one  on  account  of  the  tendency  to  lather — that  ia,  to  form  grease  by 
mixing  with  the  water  applied  to  the  bearing.    This  formation  is  hastened, 
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of  oourae,  bj  the  uM  of  a  little  soda  in  the  wat«r,  and  when  formed  it 
generally  prevents  the  oil  mnning  freely  out  of  the  bearing  or  goide. 
Beeidee  which,  should  the  bearing  or  guide  become  warm,  this  grease  melts 
and  adds  to  the  quantity  of  lubricant  u  as  often  to  check  any  farther 
heating. 

SoapB. — Pure  mineral  oils  are  unaffected  by  alkalies  and  hare  little  or 
no  efiiMt  on  metals.  They  therefore  do  not  saponify,  and  for  this  reason  are 
used  for  internal  lubrication.  Formerly,  when  tallow  and  fatty  oils  were 
used  indiscriminately  for  internal  and  external  lubrication,  the  condenser 
veiy  soon  got  covered  with  a  soapy  deposit  more  or  less  bard.  All  v^e- 
table  and  animal  oils  contain  fatty  matters,  which  combine  with  alkalies  and 
form  what  are  called  soaps.  Some  oils  will  also  combine  with  certain  salts 
of  metals  and  form  a  soapy  mixture.  For  example,  white  lead  and  linseed 
oiL  Oils  combined  with  caustic  soda  make  hard  soaps,  and,  when  combined 
with  caustic  potash,  form  what  is  known  as  soft  soap.  Solutions  of  these 
•oapa  will  act  as  lubricants,  but  are,  of  course,  not  so  efficient  as  the  oils. 
Tbey  are  sometimes  temporarily  used  to  cleanse  oil  ways  of  the  gummy 
greasy  matter  which  may  hare  been  deposited  from  the  oil 

Adnltentlon  of  Olll.— Compound  oils  are  gonorally  valued  by  their 
density  and  visoosity.  It  ia  thererore  the  aim  of  the  dishonest  merchant  to 
add  some  cheap  ingredient  which  shall  efiect  this  object  That  most 
generally  used  for  the  purpose  is  resin  oil,  being  cheap  and  easily  mixed 
with  other  oils.  It  is,  however,  itself  inferior  as  a  lubricant,  and  has  the 
fatal  vice  of  drying  hard,  like  varnish.  Its  presence  in  oils  is  easily 
detected  by  tlie  pungent  taste,  which  is  unmistakable,*  and  its  failure  to 
saponify  when  an  alkali  is  added. 

Solid  Lnbricants. —There  are  certain  substances  which  act  as  lubricants, 
although  not  at  all  on  the  same  principle  as  does  a  liquid.  The  chief  of 
these  are  powdered  soapstone,  flour  of  sulphur,  and  plumbaga 

SoapttWM  and  French  chalk,  finely  powdered  to  a  flour,  has  a  greasy 
feel  and  acta  m  a  very  efficient  lubricaat  to  wood  fittings,  and  also,  to  some 
extent,  to  metallic  ones.  It  is,  however,  of  littJe  praotioal  v^ue  as  a 
modem  engine  lubricant. 

ftour  of  Sulphur  was  frequently  used  by  the  older  engineers,  whose 
acquaintance  with  hot  bearings  was  much  more  intimate  and  frequent  than 
is  that  of  their  Buooeaiors  to-day;  they  always  carried  it  among  their  stores, 
and,  when  a  bearing  wss  trouolesome,  poured  a  small  quantity  down  the 
oil  holes.  Its  efficiency  probably  varied  with  the  heat  of  the  bearing.  Ita 
function  seems  to  have  been  to  combine  with  the  brass  dust  tuid  brass 
ridges,  and  thereby  to  form  a  sulphide  or  sulphides  of  the  metals  which  vaa 
much  softor  than  the  metals  themselves,  and,  in  a  plastic  state,  permitted  of 
the  formation  of  a  web  which  lined  the  bearing  and  formed  a  new  surface 
for  the  jonroala  to  run  on.  If  this  theory  is  a  correct  one,  the  material,  of 
course,  cannot  be  considered  as  a  true  lubricant. 

OrapkiU  or  Plumbago. — This  material,  when  pure  and  so  highly  sub- 
divided that  it  forms  an  impalpable  powder,  has  an  extremely  greasy  feel  to 
the  fingers,  and  ia  an  exceedingly  gtrad  lubricant  for  both  met^  and  wood- 
work. It  may  be  used  together  with  oil,  grease,  or  vaseline  for  large  and 
heavy  bearings  revolving  at  moderate  velocity.  It  is  also  used  for  tbo 
internal  lubrication  of  some  engines,  and  doubtless  may,  in  the  near  future, 

*  For  farther  particulars  of  oila,  sea  Lubrieatiim  and  ImbrixaUt,  by  Arctibutt  and 
Deeley,  publiihed  bv  OriffiD  ft  Co. 
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play  an  impoilant  part  in  tliat  direction  when  snperheated  steam  is  used  on 
shipboard.  At  present  the  means  of  applying  it  to  the  internal  parts  are 
orade  and  unsatisfactory.  Ingenuity,  however,  will  soon  find  a  method  to 
overcome  the  present  difficalties,  and,  whether  this  material  is  carried  over 
in  a  diy  state  or  mixed  with  vaseline  or  some  other  semi-liquid  carrier,  it 
will  be  properly  distributed  and  do  good  servioe.  A  small  quantity  of 
graphite  may  be  used  with  advantage  on  bearings  which  are  lubricated  with 
oil,  as  it  tends  to  keep  the  Burfiices  of  both  journal  and  bearing  smooth  and 
polished.  When  a  brass  has  become  rough  or  scored,  this  material  will  fill  - 
the  recesses  and  present  a  new  and  good  surface  to  the  journal. 

Tallow  and  certain  other  fats,  both  vegetable  and  animal,  are,  at 
ordinary  temperatares  in  temperate  sones,  in  the  solid  state,  bat'a  slight 
rise  of  temperature  converte  wem  into  a  liquid,  and  therefore  it  is  idle-  to 
deal  wjth  them  as  if  they  were  solid  lubricants.  Moreover,  none  of  them 
are  of  great  importance  to  the  marina  engineer  of  to-day. 

Grease. — If  oils  whose  specific  gravity  is  nearly  that  of  water  be  mixed 
with  pure  warm  water  and  agitated,  an  emnhion  is  formed^  and  the  oil  will 
separate  from  the  water  very  slowly  indeed,  even  when  the  mixture  is 
allowed  to  stand.  If  the  water  is  made  slightly  alkaline  and  carefully 
stirred  into  some  animal  and  vegetable  oils,  eapeciatly  if  at  a  moderately 
high  temperature,  they  combine  and  form  grease — ^the  value  of  which  as  a 
Inbrioant  depends  in  great  measure  on  the  quality  and  quantity,  of  the  oil 
used  in  making  it.  Tallow,  palm  oil,  and  other  such  &tty  substances  will 
take  up  very  considerable  quantities  of  water. 

TABLE  LXVII. — CoBFFiotiNTS  or  Fbictioh. 


IS? 


WeU  LobriciUd  *itli 


Wood  or 

wood(dry) 

Hetaloi 

hardwood,        .        .        .        . 

MeUlao 

noak 

metals  only,     .        .        .        . 

„ 

„      Bmootb,         .        .        . 

Bronze  on  lignnm  vit»,    .... 

Iron         ,,           

Bronze  on  bronze  diding,          .        .        . 

steii      ::    ::      :   :   : 

Wrought  tron  on  bronze  iUdiog,      . 
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TABLE  LXVII. — Ooiffioiihts  or  Vavjiion— Continued. 


Cat. 

HktoncifthaBariUM. 

r- 

•^ 

^ 

Oil. 

Si. 

W.tar. 

^ 

Bt«6l  oo  Tmmght  iron 

(Ro) 

0189 

Wroogbt  iron  on  oMt  iron,       .        .        . 

0-170 

„         tin 

0-181 

magnoli*.     .       .       (BHS 

... 

0-oeo 

n 

white  motat,.        .        . 

0<Bfl 

(O-OIG 

Low  mIm,  white  maUl 

(W) 

0-017 

ShftfMonbronn, 

(Rn 

0^ 

Leather  on  meUla 

(Bk 

0-56 

0-23 

015 

0-36 

Wronght-iron  abftft  in  out-iron  booring. 

■pMd  10  feet  per  minute,    . 

0-07B 

Wronght-iron  ih&ft  in  OMt-iron  boning. 

■peed  00  feet  par  minute,    . 

0-052 

Wronght-iron  ihoTt  in  owt-iron  bearing. 

■peed  100  feet  per  minute,  . 
Load  5011m.  per  «qiMniDoh,>peedEOf«et.  (G) 

0-050 

•0^2 
■OOM 

-0106 

",    00          ','.           ',',           "    IM  " 

'.'.'. 

..  ISO          „           „           .,     00  ,. 

-0017 

,.  150            „            „            „     110   „ 

■0024 

„  ISO            „            „            „     190   „ 

•0017 

Speed  of  10  feet  per  min.,  lo»d  SO  Iba.,     . 

-O009 

..       10       „            „       7ft    „       . 

-0007 

.,        10       „            „      ISO    „       . 

■0280 

10       „            „       00    „ 

-0018 

IS       „            „      ISO    „ 

-0051 

„    7-8  feet  per  minnte,  modemte  load, 

O-OM 

o-m2 

■064 

„                „        h«*y          „ 

0-001 

0-046 

■047 

Rftilw»y  axlea  and  bearingi  (atatio). 

lOM 
to 
■048 
Oil 

0-100 

0-067 

CMt-iron  Bteol  tyre^         .... 

(01) 

U  to  60  mila 

per  honr. 

8t«eUyres  on  iteel  raila 

to 
0-04 

10  to  00    „ 

XoU.—Bk  BtAnde  for  Rankine;  Rn,  for  Keooie;  8,  for  Summon;  W,  (or  Wood; 
G,  for  Goodman ;  RH8,  for  Prof.  Smith  ;  01,  for  Gallon  and  Weotingbonse. 

But*. — Let  8  be  the  velocity  of  sliding  in  feet  per  minate,  P  the 
m&zimnm  steady  working  pressare  in  lbs.  per  square  inch  on  *  slide 
lubricated  in  the  common  vay  (that  is,  without  force). 

Then  P  =  50,000  +  8  -f  100 

if  intermittent  as  in  piston-rod  guide,  rnkzimum  value  is  F,  then 
P  -  65,000  +8+100. 
For  journals  with  steady  load 

P  -  66,000  +  d  X  R  +  30. 
d  being  di&meter  in  feet  and  R  the  revolntiona  per  minute. 
For  intermittent  circular  as  in  crank-pins 

P  =  100,000  +  d  X  R  -1-  30. 
For  intermittent  oscillating  as  in  cross-head  brasses 
P  -  250,000  +  E  +  im 
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Engine  FrioHon. — The  following  figures  «nd  diagrams  show  the  results 
of  some  carefully  made  triali  with  two  triple-compound  engines,  by  Uessrs. 
Belliss  A  Moroom,  Birmingham.  They  are  of  their  special  enoloaed 
type,  having  three  cylinders  and  three  cranks  snpplied  with  steam 
from  Baboock  &  Wilcox  boilers  at  IDO  lbs.  presanre,  anii  exhausting  into 
a  sur&oe  condenser  whose  pumps  are  operated  by  independent  engines. 
The  whole  of  the  pins,  bearings,  guides,  and  working  parts  are  lubricated 
with  their  special  American  mineral  oil  forced  through  them  by  a  pump 
constantly  at  work  connected  to  the  engine.  It  will  be  seen  that  the 
friction  per  revolution,  both  with  and  without  load,  varies,  and  has  two 
minimum  and  two  maximum  values;  that  at  full  speed  the  friotional  H.P. 
per  revolution  loaded  is  really  only  a  little  less  than  that  when  running 
free,  whereas  at  200  revolutions,  or  half  speed,  there  is  the  greatest 
difference  between  them,  that  at  full  load  being  half  that  running  free; 
also  that  at  dead  slow  speed,  say  25  revolutions,  the  friction  per  revolution, 
both  light  and  loaded,  is  nearly  four  times  that  of  the  loaded  engine  at 
200  revolutions. 


EsotNB  (No.  1401) 


11'  _  17-  _  24'  , 


.  AT  Enoinb  Stop-talve, 


Table  of  Powers,  Ac.,  Under  Load  Conditions. 


10» 

800 

m 

im 

1H.P., 

B.H.P., 

B.H.P.  „           „        .       .       . 
F.H.P.  „           „        .       .       . 
B.H.P.   „  . 
jg^effieienoy 

2481! 

240-4 
7-8 
1-406 
1-40 
■047 

96-87. 

384-15 

360-6 

23  86 

1-280 

1-201 

■070 

03-07. 

40S-1 
380-6 
37-» 
1168 
1-086 
-079 

03-267. 

429-4 
400 
20-4 
1-073 
1-00 
-073 

93-167. 

FricUon  Powers  Under  No-Load  Conditions. 

BnolDUDiu. 

H 

m 

lis 

Ell 

m 

sw 

FrioUonH.P.,          .... 
„           „      per  revolution. 

4-9 
■0876 

10-7 
■1040 

7-4 
■0666 

24^0 
■1153 

36-1 
■1153 

30-9 
■0847 

Tlie  above  figures  are  embodied  in  the  accompanying  diagram. 

The  no-load  cards  were  taken  non-condensing,  but  the  load  cards 
were  taken  condensing. 

This  is  probably  ^e  reason  why  the  friction  power  shown  at  no-load 
is  greater  than  that  at  full-load.  The  efficiency  under  load  oondensinf;  is 
invariably  slightly  better  than  when  non-condensing. 
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Ho.  903,  a  similar  •ngine,  bat  101  inohea  stroke  instead  of  12  iitcheB, 
ran  Don-oondenaing  with  the  following  resulta. 


KB 

ns 

m 

LH.P.,    .... 

B.H.P. 

FH.P.,    .... 
I.H.P.  pw  revolutioD,     . 
B.H.P.„ 
F.H.P.  „ 

223-2 
26-6 
1-3 
1-162 
'1385 

312-« 

273-6 
391 
1-096 
■99 
■MS 

87-07, 

387-9 
340 
47-« 
1-02 
■806 
•126 

887. 

The  result  condaneing  at  two  different  preesurea  ia— 


Barolntlon*. 

.80 

tea 

I.H.P., 

B.H.P. 

FH.P. 

k=/pr""'""°°-  ;  : 

F.H.P., 

B.H.P.    _  . 

Steam  preBsore.        . 

392« 
357-5 
381 
1-033 
■942 
■0925 

91-47. 

496-9 
462-4 
34-5 
1305 
1-215 
■0909 

93  7. 
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Brbmhe's   Taltb-Oear. 


I  AM  indebted  to  Mr.  QqbUv  A.  G.  Bremme,  of  LiTerpool,  for  the  following 
ioTMtigations ; — 

The  KOoompuiyiDg  diftgrami  (6gt.  a  and  6)  represent  the  Oear  u  applied 
to  Inverted  Marine  engines.  It  ia  here  asanmed  that  the  engines  are 
worked  from  the  starboard  side,  so  that  fig.  a  shows  the  ahead  position  and 
Gg.  (  the  astern  position  of  the  Gear. 

If  the  engines  are  worked  from  the  port  side,  fig.  b  shows  the  ahead  and 
fig.  a  the  aatem  position  of  the  Gear,  as  ia  easily  understood. 

The  eccentric  coincides  with  the  crank,  and  its  radius  =  r. 

'K.H  "  lit  the  stiff  eccentric-rod,  jointed  at  H  to  the  radius-rod,  H  G  ••  ^, 
which  swings  on  0,  the  gudgeon  or  joint  attached  to  FG  »  ^,  the  radium 
arm,  which  is  movable  on  the  fixed  centre,  F. 

H  E  —  m  is  a  prolongation  of  the  eocen trie- rod,  K  H,  with  which  it  may, 
if  desirable,  form  »  alight  angle,  and  which  is  termed  the  "  Lead-arm,"  aa 
the  amount  of  lead  is  proportionate  to  its  length. 

The  valve-rod  is  jointed  at  E,  and  the  aistanoes,  E  K  •-  «,  practically 
represent  the  oscillations  of  the  vajve. 

The  angle,  S,  at  which  the  radius  arm  deviates  on  either  aide  from  the 
Terlical,  through  the  fixed  centre,  F,  and  which  is  termed  the  "deviatioik 
angle,"  should  never  exceed  26". 

The  crank-shaft  moves  in  the  some  direction  in  which  the  radius-arm, 
FG,  deviates  from  the  vertical  through  F. 

The  distance,  0  F  •>  a,  between  centre  of  crank-shaft  and  fixed  centre, 
F,  is  >  (Z'-r')*,  BO  that,  when  the  crank-shaft  is  at  either  dead-point,  the 

centre,  H,  covers  the  fixed  centre,  F.    Hence  the  lead  •■  -y  .  r  remains 

constant  for  all  grades  of  out-ofi*. 

As  the  centre,  H,  travels  through  on  arc  described  by  the  radius-rod, 
H  G,  the  oscillations,  t,  are  greater  above  than  those  below  the  centre  line, 
XX.  This  difference  between  the  upper  and  lower  oedllationa,  which  is 
affected  by  the  length  of  radius-rod  and  arm,  has  the  advantage  that  the 
valve-openings  are  less,  and  the  cut-ofb  and  cushionings  are  earlier,  for  the 
down-stroke  than  for  the  up-stroke,  so  that  the  momentum  of  the  moving 
weights  is  always  suitably  balanced. 

To  determine  the  best  proportions  of  gear,  it  is  necessary  to  oonstnict 
Tables,  giving  the  values  of  N  E  —  o  for  a  sufficient  number  of  crank-angles, 
by  the  following  method : — 

General  formula  for  oscillation,  o  ■■  (i  +  m)  cos  y  —  r  cos  «c 
Oount  all  the  orank-angles,  «,  firom  0*  to  360',  from  the  upper  dead-point, 
and  reckon  the  valuea  of  •  positive  ( -<- )  below  the  centre  line,  xXi  "^ 
negative  ( - )  above. 
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For  tha  given  valnes  of  a,  f,  ftiid  Aogle,  S,  find  th«  valuea  «,  «,  and 

Wigl©,*— 

j*<-a*  +  ^±3a^tiud;    e  —  fOOB3;    lin*  —  -. 

The  valnea  of  C  H  =  M  range  from  ato(l  +  r)  uid  from  a  to  (I  -  r). 
Find  angles,  r  and  a,  for  the  giTeo  valnea  of  M,  t,  and  r — 
M«  +  r»  -  P  r   . 

'^'=        2Mr        =    "o-^i"™-. 

Each  value  of  M  oorresponds  to  two  onuik-anglea. 
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Find  angle,  F  0  H  -  £,  for  the  gireii  raJaes  of  M,  8,  and  r— 

Then  tlie  valaea  of  the  angles,  a  and  /,  for  the  fear  quadrants  of  Uie  oird* 
are  as  follows : — 

For  the  ahead  position,  fig.  a — 

y_90-«-{;     90  +  *-{;     90  +  <r+5;  90-«+g. 
For  the  aitem  poaitton,  fig.  6 — 

«  .  r  -  90  -  £;  370  -  S  -  r;  370  +  £  -  r;  270  +g  +  r. 

y_90-«-g;    90  +  «-£;    90  + < +5;  90-«  +  £. 


Badina-rod  and  radius-arm,  . 

Eooenlrio-rod,  EH 

Lead-arm,  HE, 

Imp  on  steam-edges  (both  ends  equal)  . 
aa  ahown  bjr  fig.  o. 


Note. — As  a  general  mle,  the  lap  on  the  steam-edgea  may  be  0*75  -y  r. 

The  chief  feature  of  Morton's  Reversing  "V&lve-Qear"  is  the  method 
employed  for  correcting  the  irre^lar  angularity  of  the  oonnecting-rod,  and 
the  maintenance  of  the  correction  whether  the  engines  are  set  to  work  in 
full  forward  or  backward  gear  or  any  intermediate  position.  Eqiial  port- 
openings  for  both  ends  of  the  cylinder  are  thus  given,  if  necessary  :  the  lead 
is  constant  for  alt  grades  of  expansion,  and  the  motion  of  the  slide-valve  is 
such  that  "wire-drawing"  and  "ouBhioning"are  reduced  to  a  minimum,  the 
motion  of  the  valvo  being  in  unison  with  the  stroke  of  the  main  piston 
instead  of  being  in  unison  with  the  revolution  of  the  crank,  as  is  the  oass 
with  other  valve-gears  of  this  doss. 

The  movable  point.  A,  receives  its  motion  from  the  crosshead,  as  shown 
by  the  diagram  (fig.  d),  and  radiates  with  the  short  lever  or  ciank,  P, 
centred  in  a  projection,  F,  on  the  connecting-rod,  receiving  its  motion  fe)in 
a  point  in  the  valve-lever,  F.  The  proportions  are  such  that  the  versed  sine 
of  the  orank,  P,  will  be  equal  to  the  versed  sine  of  the  lever,  F,  as  is 
oustomary  with  this  system  when  used  as  a  parallel  motion, ,  The  driving 
end  of  the  lever,  F,  is  connected  with  the  crosshead  by  means  of  the  link,  B, 
and  its  fulcrum  end,  Q,  Is  suspended  by  links,  0,  vibrating  from  fixed 
centres,  E,  at  their  upper  ends.  These  links  are  always  parallel  with  the 
connecting-rod  when  the  engine  is  "  on  the  centre."  The  radiating  movable 
point,  A,  corrects  the  angularity,  both  of  the  connecting-rod  and  of  the 
valve  lever,  F,  by  one  motion.  The  movement  of  the  links,  C,  in  vibrating 
from  right  to  left  or  left  to  right  from  the  centre  line,  in  whatever  direction 
the  crank  may  revolve,  is  equal  for  equal  increments  of  the  travel  of  the 

Jiiston.  These  conditions  are  maintained  whether  the  engines  are  ia 
orward  or  in  backward  gear  or  linked  up  to  any  intermediate  position. 
The  reversing  portion  of  the  gear  consists  of  a  quadrant,  I,  properly  secured 
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■O  M  to  form  part  of  the  slide  valve-rod  and  to  moTe  with  it.  The  bracket 
forming  the  suide  for  the  ralre,  ipindle,  and  quadrant  has  armi  cast  oo, 
which  carry  the  fixed  centres,  K,  of  the  vibrating  links,  C. 

The  arc  of  the  quadrant,  I,  being  the  radius  of  the  adjustable  link,  H. 
from  the  centre,  N,  is  fitted  with  «  die  block,  J,  capable  of  being  moved  to 
ibe  right  or  left  from  the  centre  of  the  quadrant  for  forward  or  backward 


Ffg.  d— Morton's  Volve-Oear. 


motioD  of  the  engines;  consequently,  when  the  engine  is  "on  the  centre," 
the  upper  end  of  the  adjustable  link,  H,  and  its  block,  J,  may  be  moved 
through  the  whole  range  of  the  quadrant,  I,  from  right  to  left,  or  viee  t»rsd, 
without  moving  the  slide  valve. 

This  arrangement  reduces  to  &  minimum  the  wear  of  the  die  block  in 
the  quadrant,  for,  when  it  is  once  set  in  position  for  workin^^  there  is  little 
or  no  motion. 
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APPENDIX  B. 

COTTKBBLL'a   UkTBOO  OF   OONSTRDCriNO  InBBTIA   CuBTRS. 

Ah  ftocelention  curve  may  be  conatmcted  by  gn.phiaa.1  differentiatioa 
of  th«  velocity  curve,  tt  meUiod  which  it  may  be  worth  while  to  illustnte 
iadet«il. 

Divide  the  cruik  pin  circle  into  a  number  of  equal  parts,  and,  soppoeing 
the  conneoting-roda  drawn,  let  them  cut  the  vertical  through  0  in  the 
points  1',  2',  3',  in  fig.  «.  Also  find  and  mark  off  the  correapooding 
positions  of  the  piston,  1",  2",  3",  &c.  Now,  since  the  lengths  0 1',  0  2', 
03',  Jtc,  represent  the  velocities  of  the  piston  and  reciprocating  parts 


Pig.e. 


when  in  position!  1",  2",  3",  Ac,  the  difference  between  any  two  con- 
secutive lengths,  for  example,  I',  2',  will  represent  the  change  of  velocity 
that  has  taken  place  in  the  corresponding  movement  of  the  piston,  1",  2". 
If  we  suppose  the  crank  pin  to  revolve  uniformly  and  divide  the  circle  into 
equal  parts,  equal  tiroes  will  be  occupied  in  the  motions  from  point  to 
point,  and,  therefore,  equal  times  in  the  motions  between  consecutive 
positions,  1",  2*,  3',  4",  &c.,  of  the  piston.  Accordingly,  the  differences, 
01',  1'2',  2'3',  <£«.,  will  represent  the  force  required  to  change  tlie  velocity 
of  the  reciprocating  parts ;  and  if  we  set  them  up  as  ordinates  between  the 
corresponding  positions  of  the  piston  we  shall  obtain  the  curve  expressing 
the  effect  of  inertia.  The  ordinate  should  be  erected  from  the  position  of 
the  piston  when  the  crank-pin  is  at  the  middle  of  the  intervals,  1,  2,  3,  ice 

It  will  be  seen  that  the  greater  the  number  of  parts  into  whidi  we 
divide  the  crank-pin  circle  the  less  will  be  the  ordinates  representing  the 
effect  of  inertia,  though  in  all  the  curves  the  same  character  will  be  pro- 
served.  Accordingly,  it  is  possible  to  determine  the  number  of  parts  into 
which  the  crank  circle  should  be  divided,  or  to  determine  the  angle  between 
consecutive  radii,  01,  0  2,  ^.,  so  that  the  ordinates  of  the  inertia  curve 
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ma;  be  of  a  length  prop«r  to  represent  the  pressnre  per  aquare  inch  of 
pieton  area  required  for  inertia,  on  the  same  scale  that  the  indicator 
diagram  is  drawn.  The  ordinateB  of  the  resulting  inertia  cnrre  ma;  then 
be  directlr  employed  to  correct  the  indicator  diagram. 

Let  S  be  the  number  of  rerotutions  per  minute ;  Q,  Q'  (fig.  /)  con- 
aecntive  points   on   the  crank-pin   circle;    and   let  QOQ'  =  n"  be   tho 


/f 
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f 

^ 

^ 
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— -"^ T, 
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Fig.  /. 

required  angle.  Further,  suppose  that  the  crank-pin  circle  is  drawn  on 
a  scale  of  x  inches  to  the  foot.  Then  the  change  of  velocity  of  piston,  AV| 
in  feet  per  second  is  evidently — 

2  «■  N    T  Ti 

Ad—     ,-:—    ,  where  T  T'  ia  to  be  measured  in  inches. 

60        X 

Kow,  this  change  of  velocity  takes  place  in  the  time,  A  t,  occupied  by  the 
movement  through  n" — that  ie,  in  n/6  N  seconds. 


The  curve  will  cross  the  base  line  at  the  point  L,  where  the  piston  has  its 
maximum  velocity — that  is,  approximately,  when  the  crank  is  at  right 
angles  to  the  connecting-rod — hence 


O  L  —  ^(connecting-rod)^  +  (crank)*  -  connecting-rod. 


D.(jitizect.yG00(^lc 


KAHUAL  or  KABINK  INQINEERIMO. 


APPENDIX  0.— SPARE  GEAR. 

Board  ov  Trade  Hulks. 

Span  Gear  aai.  Storei  to  bo  oanied. — Foreiga-going  steamers  coming  In 
for  surrey  most  be  provided  with  Bpsre  ge«r.  Id  tlie  esse  of  eteemers 
ooniing  in  for  sarvey  under  the  P«sMDgers  Aots,  and  other  steamers 
performing  ooean  Toyagea,  no  question  as  to  gear  need  be  raised  if  the 
following  spare  gear  and  stores  are  supplied.  The  heavier  portions  of  this 
gear  must  have  been  fitted  and  tried  in  its  plaoe,  and  must  be  kept  on 
board  where  aooess  can  at  all  times  be  had  to  it : — 

1  pair  of  oonoeoting-rod  brasses. 

1  air>pump,  bucket,  and  rod,  with  guide. 

1  circulating  pump,  bucket,  and  rod. 

1  air-pump  head  viivt,  teat,  and  guard. 

1  set  of  India-rubber  valves  for  air-pumps. 

1  circulating  pump  head  valve,  sea^  and  guard. 

1  set  of  India-rubber  valves  for  circulating  pumps. 

2  main  bearing  bolts  and  nuts. 

2  connecting-rod  bolts  and  nuts. 

2  piston-rod  bolts  and  nuts. 

8  screw  shaft  coupling  bolt«  and  nuts. 

1  Bet  of  piston  springs,  suitable  for  the  pistons. 

3  sets,  if  of  India-rubber,  or  1  set,  if  of  metal,  of  feed-pump  valves  and 

seats. 
3  seU,  if  of  India-mbber,  or  1  set,  if  of  metal,  of  bilge-pump  valves  and 

seats. 
1  bydrometer. 

Boiler  tubes,  3  for  each  boiler. 
100  iron  assorted  bolts,  nuts,  and  washers,  screwed,  but  need  not  be 

tamed. 
12  brass  bolts  and  nuts,  assorted,  turned,  and  fitted. 
60  iron  „  „  ,i  » 

60  condenser  tubes. 

100  sets  of  packing  for  condenser  tube  ends,  or  an  equivalent. 
At  least  1  spare  spring  of  each  size  for  escape  valves. 
1  set  of  water-gauge  gksses. 
J^  the  total  number  of  fire-bars  necessary. 
3  plates  of  iron,  assorted. 
6  bars  of  iron,  assorted. 

1  complete  set  of  stocks,  dies,  and  taps,  suitable  for  the  engines. 
1  smith's  anvil. 
1  fitter's  vice. 

Ratchet-braces,  and  suitable  drills. 
1  copper  ot  metal  hammer. 
Suitable  blocks  and  tackling  for  lifting  weights. 
1  dozen  files,  assorted,  and  handles  for  the  same. 
1  set  of  drifts  or  expanders  for  boiler  tubes. 
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1  Bet  of  safetf-Talve  spriiigs  (if  80  fitted)  for  every  four  valves ;  if  there 
are  not  fonr  valves,  then  at  least  one  set  of  aprioga  must  be  oarried. 

1  screw  jack. 

And  a  set  of  engiDeer's  tools  suitable  for  the  service,  including  hammers 
and  chisels  for  vice  and  forge;  solder  and  soldering-iron;  sheets 
of  tin  and  copper;  spelter;  muriatic  acid,  or  other  equivalent, 
&C.,  Ac 

Llotd's  Rijlis. 

Lloyd's  Keqnlreineiits  as  to  Spare  Clear  are  as  follows :— The  articles  of 
spare  gear  mentioned  in  the  following  list  will  be  required  to  be  oarried  in 
all  steam  vessels  classed  in  the  Society's  Register  Book,  viz. : — 

2  connecting-rod,  or  piston-rod,  top  end  bolts  and  nuts. 
2  „  bottom  end  bolts  aud  oats. 

2  main  baring  bolts. 

1  set  of  coupling  bolts. 

1      „      feed-  and  bilge-pnmp  valves. 

1      „      piston  springs  (where  common  springs  are  used). 

A  quantity  of  assorted  bolts  and  nuts. 

Iron  of  VI    ■ 


In  addition  to  the  foregoing,  the  folloiring  articles  are  recominended 
to  be  carried,  with  a  view  to  expedite  repairs  and  lessen  delay  in  distant 
ports: — 

Crank  shaft. 

Propeller  shaft 

„        or  full  set  of  blades. 

Stem  bush,  or  lignum  vitce  lining  in  bush. 

1  pair  oonnectiuK-rod  brasses. 

1    „    crosahead  t>ra8seB. 

1  set  of  check  valves. 

6  cylinder  cover  bolts. 

6  junk  ring  bolts. 

4  valve  chest  bolts. 

1  set  of  link  braBses. 

1  eccentric  strap,  complete. 

1  air-pump  rod. 

1  circulating  pump  rod. 

H.P.  valve  spindle. 

LP 

i  dozen  boiler  tubes. 

3     „     condenser  tabes. 

1  cylinder  escape  valve  spring. 

1  set  of  safety  valve  springs. 

British  Cobporatios  RoLiia. 

2  connecting-rod  top  end  bolts. 

3  „  bottom  end  bolts. 
2  main  besring  bolts. 

1  set  of  coupling  bolts, 

1     „     feed-  and  bilge-pump  valves.  ^->  ■ 
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1  set  of  piston  springs,  if  common  springs  are  used 

1  set  of  safety  valve  springs. 

6  cylinder  cover  studs  and  nuts. 

6  valve  chest  cover  studs  and  nuts. 

An  aaaortroent  of  bolts,  studs,  and  ants. 

Bar  and  plate  iron,  assorted. 

J  set  of  fire  bars. 

BoBKAtr  Veritas  Buleb. 

Nora  — For  naTigklion  letter  O,  do  other  article  th&n  thoee  marked  with  an  aBt«riak 
dull  be  required, 

1  propeller  or  J  set  of  blades. 

For  twin  screws  with  detachable  blades,  1  blade  for  each  screw. 

1  slide  valve  spindle  suitable  for  each  engine. 

1  pair  of  crank-pin  brasses,  suitable  for  each  engine. 

1       „       crosshead  brasses. 
(If  the  brasses  are  lined  with  anti-frictioQ  metal,  a  suitable  quantity  of 
this  metal,  with  the  necessary  tools  for  lining  the  brasses,  will  M  accepted 
instead  of  the  spare  brasses.) 

1  set  of  slide  blocks  for  valve  link  motion. 

1  eccentric  strap  or  brass  liner  for  same. 
*2  connecting-rod  bolts  and  2  cros»bead  bolts. 
*1  set  of  coupling  bolts  for  1  coupling. 

]  oircniating  and  1  air-pump  rod. 

1  complete  set  of  valves  for  circulating  and  air-pumpa. 
*h  set  feedpump  valves. 

X    „    of  boiler  feed  volves. 

I    „    bilge-pamp  valves. 

1  „    ssfety  valve  springs. 

2  per  cent,  of  the  number  of  condenser  tubes. 
5  „  „  boiler  „ 

*jl  set  of  grate  bars, 
2  lets  of  gauge  glasses. 

The  spare  propeller  must  be  secured  on  a  deck  by  angle  iron  lugs  riveted 
through  the  deck  and  beams,  or  other  efficient  means. 

It  is  recommended  to  provide  the  same  spare  gear  for  the  donkey 
engines  and  other  auxiliary  engines  as  for  the  main  engines. 

When  the  circulating  punip  is  of  the  rotary  system  with  a  separate 
engine,  the  pump  rod  mentioned  above  is  to  be  replaced  b;  the  following 

I  steam  piston  and  piston-rod. 

1  slide  valve  and  spindle. 

1  set  of  brassea 
§  2.  The  following  articles  are  recommended  for  vessels  classed  for 
Atlantic  and  long  voyages,  to  facilitate  repairs  in  distant  porta : — 

I  crank  shaft,  when  the  crank  shaft  is  in  one  piece,  or 

1  element  of  a  shaft,  when  it  is  made  of  several  iaterchangeable  parts. 

1  complete  pUton  1  j^  ^^^     ,j__j^^ 

1  cyhnder  cover    J  ' 

§  3.  Vessels  provided  with  all  articles  mentioned  in  {{  1  and  2  above 
will  be  entered  in  the  register  with  a  special  mark  r^  in  ute  third  colamii 
of  the  page  where  particulars  of  machinery  are  described. 


§  i.  All  vessela  to  have  a  spare  tiller  and  relieving  tackles. 
Steam  vesselB  to  be  provided  with  the  tools  required  for  the  working 
and  overhauling  of  tlie  propelling  and  other  machinery. 

AdKIRALTV  SpABB  ObAB  TOB  the  MaIK  MACHIUBfir  07  A  Obdibrb. 
Bolts  tad  nnts  complete  for  main  sh&ft  oonpUogl, 
Bolts  and  nnta  for  main  bearings,  oomplete,  ■ 
Bolts  and  nata  tamed  and  fitted  for  engines,  in 
addition  to  those  specified  elsewhere,  properly 

Bnseee,  tc^  and  eooentrio-iods,  with  linen,  oom- 

piste, 

Conneotiog-rod,  bolts,  and  brasses,  with  liners, 

canplet«  for  eaoh  end,  ..... 
Copper  expansion  rings  for  L.P.  slide  relief  rings 

{if  fitted), 

Cjlinder  faces  or  piston  valve  liners,  with  studs 

or  oats  or  screws  to  seonre  each,     -  -  ( 

Eooentrio-rod  and  strap,  with  bolts,  nnts,  liners,  | 

ftc,  complete, \ 

Filtering  material  and  frames  for  main  engine  | 

grease  extractors,    -  -  -        -  { 

Gear  for  removing  or  replacdng  metaUio  packing,  - 
Glasses  for  telegraphs,  tell-tales,  and  revolution  I 

telegraphs,  properly  marked  and  coloured,  -  I 
Gnnmetal  sectors  for  link  blocks,  complete,  -  -  j 
Hotes,  suction.  Mo.  4  gauge,  sufficient  to  enable 

any  cisnk-pit  to  be  connected  to  ths  bilge  suC' 

tion  direot-boz   in  engine-room,  with  gnn- 
metal end, 

Lignum  Tit«  strips  and  facings  for  all  parts,  so 

fitted  thnnigoout  and   allowance    made    for 

final  setting, 


100. 

2  eets  for  1  rod  of  each  pattern, 
2  sets  of  brasses  for  1  rod  of  each 
pattern,   and  1   set    bolts   each 

1  for  eaoh  fitted. 

1  of  eaoh  pattern. 

t  number  of  eaoh  pattern. 

1  eet  of  frames  and  6  sets  of  material 

for  each  extractor. 
1  est  tor  each  size  of  rod  or  packing. 
„  pedestal  or  dial. 


1   in  nnmber,   oomplete,   for   each 


Packing  metallic  of  each  size. 

Packing  rings,  screws,  and  fittings,  oomplete,  f 
flat  slide-valves, 


Packing  rings  and  springs,  complete,  with  bolts 
studs  and  nuts  for  pisttxiB,  piston  valves,  and^ 
balance  pistons,       .        -        -        .        - 


Piston,  oompletefor  L.P.  cylinder. 
Piston-rod  oroeahead  slipper,  complete, 
Propeller  bolts,  covering  plates,  studs,  fto. ,  - 
Screwed  glands  for  tubes  of  condensers. 
Shackles  for  propeller  blade, .... 
Slide-rods,  with  brasses,  nnts,  &&,  oomplete. 
Split  pins,  special,  as  required,      -        -        .        - 
Springs,  excepting  when  otherwise  specified,        ■  t 
Steel  rode  or  plates  as  protective  fittings  for  oon- 1 

densers,  -        -        -        -  -  ( 

T  pieoea  for  deck  plates  of  fire  service  (portable  ) 

or  fixed), t 

Thrust  collar, 


I  set  for  each  bearing,  so  fitted  for 
1  set  of  engines. 
I  Snffloient  for  2  piston-rods  and  for 
{       2  other  rods  of  each  pattern  so 
/       fitted. 

I  1  set  for  1  valve  of  eaoh  pattern. 
1  set  for  1  H.P.,  I  set  for  1  I.P., 

oud  2  sets  for  1  L.P.  piston. 
1  set  for  each  end  for  1  H.P.  and 

1  I.  P.  piaton  slide  valve. 
2BeUfor  I  L.P.  balanoe piston. 
1  set  for  1  H.P.  and  1  LP.  balance 

pUton  {if  ao  fitted). 
1  number. 

1  number  of  each  pattern  and  aiie,  if 

et,  com 

■ft  of  the  whole  number  Stted- 

2  numbers. 

1  number  of  each  size. 

2  of  each  kind. 
1  for  eaoh  4  or  leaa  number  of  each 

description  fitted. 


1  for  each  pattei 
1  set  for  1  set  of  eni 
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TooU  for  labing  snrfMe 


1     Mt,    oomptete,    of    Admiralty 


to  fit  the  Bcrewed  holes  in  tat>»- 
plftte  when  tube  is  in  place  ;  3 
hollow  pnnoheB,  with  lolid  nmI>, 
for  pooking  glaiida  ;  4  wrenches. 
L'huidled,  for  sorewed  gUiid  ;  4 
wtenchea,  T-h&odled,  for  screwed 
glsod  ;  S  drifts,  with  ooll&ra,  for 


for  tightening  tubes. 
tooU    to      be    oloftrlf 
"CondenBers." 

V&lvM,  india-rubber, 2  numbers  for  e^ofa  fitted. 

Talv-,  meUUio.  for  pump.,  with  bolu  or  stiuU.  |  ,  ^^^^er  for  each  2  fitted. 
naU.  and  gnards,  ready  for  iKcmg,  oomplete,  \ 

White  metal  bsMinga,  mandreb  for,      ■  -     1  tet 

Sfahe  Okar  fob  Boilers  (Adhibalty). 


DMOriptlOS. 

OjUndrlnL 

YSXTC. 

Avtomatio  (eed-boi  and  apparatna,  1 

toboilera. 1 

Bearer  ban  for  one  boiler, 

Itlank  fiangea  for  testing  and  other 
purposea, 

Bdu  and  nuta  for  other  part*  (exolu- 
aire  of  casings,        .... 

Doon' eiamination,  ...       - 

Tubos, 

Fumacebars, 

Uosea  and  branch  pipea  for  fire-ei-  1 

H^fOTeraptjingbi.il8n^        ■        '- 
Packing  glands,  heiagonal,  metallic, 
for  both  ends  of  water-gauge  mount- 
ings, including  those  for  separators, 
Springs  for  safety-  and  escape -valves, 
Smoke-direDting  plates  or  baffler*,     - 

inok  larger  than  required  when  new, 
Talvea,  feed,  non-returning,  without 

Waab^  and  other  parts' of  boilere 
not  sepwately  specified  above,  ei- 

as-  :    :    ;    :    : 

...          1 
-               \ 

I  complete  iet. 

1  total  number  fitted. 

u.  ■■    ■■ 

i  total  number  of  each 
size  fitted. 

2  sets  of  each  siie. 

...         1 

Sufficient  for  IboUer. 
i  total  number  fitted. 

Sufficient  for  t  boiler. 

2   Dumben   of    each 

kind. 
4   sets,  or   1   set  for 

each  boiler  of  dif. 

ferwt  width. 

1  oomplet«  tot 

i  total  number  of  each 

size  fitted. 
i  total  number  fitted. 

lMtfOTeMhb(4i«r. 

i  total  number  of  each 
size  fitted. 

2  seta  of  eM^  site. 
Suffloient  for  1  boiler 

of  each  size. 

i  total  number  fitted. 
Suffloient  for  lb(ukir. 

8p^BB  GSAB   rOB  AUXILIABT   U^CHltlBBT   (AdHIBALTT). 


„        connecting-rod,  1  set,  complete,  for  eaoh  fitted  for  each  end. 
Eccentric-rod  and  strap,  with  bolt^  nuti,  and  pin,  complete,  or  equiva- 
lent fittings  for  each  fitted. 
Packing  ringa  for  piston,  and  piston  ralvea  for  each  fitted. 

„  water  pistons  for  each  fitted. 

Slide  or  piston  valves,  complete,  for  each  fitted. 
Springs  for  pistons  and  all  other  parts  for  each  fitted. 
Steam  actaating  and   distributing  valves  and  chests,    complete  (for 

direct-acting  pumps)  of  each  patt«m  for  each  2  fitted. 
Slide  motion  rods  or  gear,  complete  (for  direct-«cting  pumps)  of  each 

pattern  for  each  2  fitted. 
Brasses  or  bushes  for  all  other  working  parts,  pair  or  number,  for  eaoh 

fitted 
Piston-rod  with  nuta,  complete,  with  crosshead  and  slipper  of  each 

pattern  fitted. 
Slide-rod  with  nuts,  complete,  of  each  pattern  fitted. 
Metallic  packing  for  glands,  with  witbarawing  gear,  for  each  set  fitted. 
Valves,  metallic,  wit£  bolts  or  studs,  nute,  and  guards,  complete,  for 

eaoh  2  fitted. 
Yalves,  india-rubber,  if  so  fitted,  for  each. 
Pump-rods  with  nuts,  complete. 
Brasses,  bushes  or  facings,  for  pump  shaft,  with  lignum  vitie,  complete, 

for  1  pump. 
Wedges,  for  each  4  fitted. 
Distilling  condenser  coils  or  tubes,  suitable  for  any  condenser,  for  1 

condenser. 
Evaporator  coils  or  tubes  and  tube  plates  or  connections,  complete, 

ready  for  immediate  fitting  in  place,  saitable  for  any  evaporator, 

for  I  evaporator. 
Evaporator  coils  or  tubes,  separate,  of  each  pattern  fitted. 
Glasses  for  pedestals  and  dials,  properly  coloured  and  marked,  for  each 

set  fitted. 
All  spanners  and  tools  to  be  plainly  marked. 
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APPENDIX  D. 

Board  or  Tkadx  Bulbs  fob  BoiLma. 

The  Snrrejror'i  Doty  and  ReBponsibill^  In  FJzliig  PreBSoni.— The  Surrejor 
ii  required  by  the  Act  to  fix  the  limits  of  weight  to  be  placed  on  the  safetj- 
T&lveB  of  paasenger  steamahips.  The  Surveyor  having  himself  fixed  the 
limits  of  the  ireight,  is  then  required  to  declare,  that  in  his  judgment  the 
boiler  and  machinery  are  sufficient  for  the  service  intended,  and  in  good 
condition,  and  that  they  will  be  sufficient  for  twelve  months,  or  each  other 
period  as  he  may,  in  bis  judgment,  determine.  For  his  gnid&nce  the 
following  suggestions  are  given  :— 

Working  I^essore  to  bi  Fixed  by  Calcnlation,  ftc. — The  Surveyor  should 
fix  the  working  pressure  for  boilers  by  a  series  of  calculations  of  the 
strength  of  the  various  parts,  and  according  to  the  workmanship  and 
material.  The  senior  Engineer  Surveyors  should  receive  and  report  on 
any  plans  of  boilers  intended  for  passenger  vessels  that  may  be  submitted 
in  due  course  with  the  Form  Surveys  6.  They  are  not  to  report  on  any 
tracing  or  plan  that  is  not  accompanied  by  that  form.  When  Uie  Surveyor 
has  received  plana  and  tracings  of  new  boilers,  or  of  alterations  of  boilers, 
and  has  approved  of  them,  he  will  of  course  be  careful  in  making  bis 
examinations  from  time  to  time  to  see  that  they  are  followed  in  constmc- 
tion.  When  he  has  not  had  the  plans  submitted,  but  is  called  in  to  survey 
a  boiler,  he  will  then  measure  the  parts,  note  the  details  of  construction, 
and  if  necessary  bore  the  plates  to  ascertain  their  thickness,  Ac,  before  he 
gives  his  declaration.  And  in  the  event  of  any  novelty  in  construction,  or 
of  any  departure  from  the  practice  of  staying  and  strengthening  noted  in 
these  regulations,  he  should  report  full  particulars  to  the  Board  of  Trade 
before  fixing  the  working  pressure. 

The  Surveyor  cannot  declare  a  boiler  to  be  safe  of  whose  construction, 
material,  and  workmanship  he  is  not  fully  informed.  He  should,  there- 
fore, be  very  careful  how  he  ventures  to  give  a  declaration  for  a  boiler 
that  he  u  not  called  in  to  survey  until  after  it  is  completed  and  fixed 
in  the  ship. 

Qirdfln  for  Flat  Surfaces. — When  the  tops  of  combustion  boxes,  or  other 
parts  of  a  boiler,  are  supported  by  solid  rectangular  girders,  the  following 
formula,  which  is  used  by  the  Board  of  Trade,  wilt  be  useful  for  finding  the 
working  pressure  to  be  allowed  on  the  girders,  assuming  that  they  are  not 
subjected  to  a  greater  temperature  than  the  ordinary  heat  of  steam,  and  in 
the  case  of  combustion  chambers,  that  the  ends  are  property  bedded  to  the 
edges  of  the  tube  plate  and  the  lutok  plate  of  the  combustion  box : — 

(yr^ffsirij  -  working  p™»ura 
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W  —  Width  of  combustion  box  in  incbes. 

P    =  Pitch  of  supporting  bolts  in  inches. 

D  =  Biat&nce  between  the  girders  from  centre  to  centre  in  inchea. 

L   =  Length  of  girder  in  feet. 

d    =  Depth  of  girder  in  iDches. 

T   —  ThicknesB  of  girder  in  inches. 

N  •=  Nnmber  of  supporting  bolts. 

C   ■•  — ^ — ^j—  when  the  number  of  bolts  is  odd. 

„        (N  +  1)  1,320    ,       ^,  ,        , ,   „   . 

"   — jj"V72 *ben  the  number  of  bolts  is  even. 

The  working  pressure  for  the  supporting  bolts,  and  for  the  pUte 
lietween  tbem,  shall  be  determiDed  by  the  rule  for  ordinary  stays  and 
plates. 

PiatflB  for  Flat  SnrfiuieB.— The  pressure  on  plates  forming  flat  surfaces 
will  be  easily  found  by  the  following  formula: — 

^ — ^ — i-  B  Working  pressure. 

T  =  Thickness  of  the  plate  in  sixteenths  of  an  inch. 
S  —  Surface  supported  in  square  inches. 
C  —  Constant  according  to  the  following  circumstances : — 
O  =  240  when  ttie  plates  are  not  exposed  to  the  impact  of  heat  or  flame, 
and  the  stays  are  fitted  with  nuts  on  both  sides  of  plates  and  out- 
side doubling-strips  of  the  same  thickness  as  the  plates  they  cover, 
and  not  less  in  width  than  two-thirds  of  the  pitch  of  the  stays. 

e  ahonld 

C  ~  210  when  the  plates  are  not  exposed  to  the  impact  of  heat  or  flame, 
and  the  stays  are  fitted  with  nuts  on  both  sides  of  plates  and 
washers,  the  latt«r  on  the  outside  of  boiler,  being  at  least  two- 
thirds  the  pitch  of  the  stays  in  diameter,  and  the  same  thickness  as 
the  plates  they  cover.    These  washers  to  be  riveted  on  the  plate. 

C  =  165  when  the  plates  are  not  exposed  to  the  impact  of  heat  or  flame, 
and  the  stays  are  fitted  with  nuts  on  both  sides  of  plates  and  out- 
side washers,  the  latter  being  at  least  three  times  the  diameter  of 
the  stay  and  two-thirds  the  thickness  of  the  plates  they  cover. 

C  •>  150  when  the  plates  are  not  exposed  to  the  impact  of  heat  or  flame, 
and  the  stays  are  fitted  with  nuts  only  on  both  sides  of  plates. 

0  B  75  when  the  plates  are  exposed  to  the  impact  of  heat  or  flame,  and 
steam  in  contact  with  uie  plates,  and  the  stays  fltt«d  with  nuts  on 
both  sides  of  plates,  and  outside  washers,  the  latter  being  at  least 
three  times  the  diameter  of  the  stay  and  two-thirds  the  thickness 
of  the  plate  they  cover. 

0  »  67*6  when  the  plates  are  exposed  to  the  impact  of  heat  or  flame,  and 
steam  in  contact  with  the  plate,  and  the  stays  fitted  with  nnts 
only  on  botli  sides  of  plates. 

O  —  100  when  the  plat«s  are  exposed  to  the  impact  of  heat  or  flame,  with 
water  in  contact  with  the  plates,  and  the  stays  screwed  into  the 
plate  and  fitted  witii  nuts. 
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C  —  66  when  the  platea  kr«  exposed  to  the  imnect  of  heat  or  fltune,  with 
wftt«r  in  contAot  with  the  pUte,  and  tne  stays  screved  into  the 
pUtei  having  the  ends  riveted  over  to  form  substantial  heads. 

C  ••  39 '6  when  the  piatM  are  exposed  to  the  impact  of  heat  or  flame,  and 
steam  in  contact  with  the  pUtes,  with  the  stays  screwed  into  the 
plate,  and  baving  the  ends  riveted  over  to  form  substantial  head& 

When  a  dronlar  flat  end  is  bolted  or  riveted  to  a  cylindrical  ahell,  8  in 
the  formula  may  be  taken  as  the  area  of  the  square  inscribed  in  the  circle 
pauiDg  through  the  centres  of  the  bolts  or  rivets  securing  the  end,  provided 
the  angle  ring  or  flange  is  of  sufficient  thickness. 

CompresBtre  Stress  on  Steel  Tobe  Plates.— 

(D  -rf)T  X  28,000      _    .. 

"  "W '  k"  D "  Working  pressure. 

I)   —  Least  honiODtal  distance  between  oentres  of  tubes  in  inches. 

d    —  Inside  diameter  of  ordinary  tube  in  inohes. 

T    —  Thiokueu  of  tube  plate  in  inches. 

W  —  Extreme  width  of  combustion  box  in  inches  from  front  of  tube  plate 
to  back  of  fire  Iwx,  or  distance  between  oombustion  box  tube 
plates  when  boiler  is  double-ended  and  the  box  common  to  the 
furnaces  at  both  ends. 

(^Undrioal  Bdlen. — When  cylindrical  boilers  are  made  of  the  best 
material,  with  all  the  rivet  holes  drilled  in  place,  and  all  the  seams  fitted 
with  double  butt  straps,  each  of  at  least  five-eigbths  the  thidiness  of  the 
plates  they  cover,  and  all  the  seams  at  least  double-riveted  with  rivets 
having  an  allowanoe  of  not  more  than  76  per  cent,  over  the  single  shear, 
and  provided  that  the  boilers  have  been  open  to  inspection  during  the 
wliole  period  of  construction,  then  4-6  may  be  used  as  the  &ctor  of  safety. 
The  tensile  strengtli  of  the  matorial  is  to  be  taken  as  equal  to  37  tons  per 
square  inch  when  mild  steel  is  used,  tested  in  accordance  with  the  Rules 
(p.  442).  When  plates  of  higher  tensile  strength  than  27  tons  are  used, 
the  actual  strengtli,  as  found  on  teat,  may  be  substituted  in  the  following 
Kule.  The  boilers  must  be  tested  by  hydraulic  pressure  to  twice  the 
working  pressure  in  the  presence  and  to  the  satisfaction  of  the  Surveyor: — 

To  ascertain  the  strength  of  shell,  the  relative  seot»onal  areas  of  plate 
and  rivet  must  first  be  determined  by  the  following  formuln : — 

(Fitoh  -  dia.  of  rivet)  k  100  ^  f  Percentage  of  strength  of  plate  at  joint 
Pitch  \     as  compared  with  solid  plate. 

For  maximum  permissible  pitch  of  rivets,  Ac,  aee  formuln  and  sketches 
at  end  of  this  section.  (Pp.  377  to  281,  Seaton  and  Bounthwaite's  Pocket- 
Book  qf  Marine  Engineering.) 

(Area  of  rivet  x  No.  of  rows  of  rivets)  x  100       f  P^^^tap  of  strength 

1 frr-r tt-  -c ,   .  ^ ' <      of  rivets  as  compared 

Pitch  X  thickness  of  plate  |      with  solid  plate. 

If  the  riveta  are  in  double  shear,  multiply  the  percentage  thus  found 
by  1-76. 

In  oonset^uence  of  the  low  shearing  strength  of  steel  rivets,  the  Board 
require  that  u  all  types  of  joint  the  nominal  rivet  section  shall  be  not  less 
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than  |I  of  the  net  plate  aeotdon;  thus,  in  order  that  rivet  section  may  be  con- 
sidered to  have  the  same  strength  u  plate  section  their  relation  must  be:— 
In  lap  joints — 

(Area  of  rivet  x  No.  of  rows  of  rivets)  x  23 
•=  (Fitch  -  diameter  of  rivet)  x  thickness  of  plat«  x  27. 
And  in  butt  joints — 

iArea  of  rivet  x  No.  of  rows  of  rivets  x  1-75)  x  23 
Pitch  -  diameter  of  rivets)  x  thicknees  of  plate  x  27. 
Bat  when  plate  of  a  higher  minimam  tensile  strength  than  27  tons  is 
used,  the  actntu  strengtli  in  tons  should  be  used  instead  of  the  multiplier  27. 
The  working  pressure  per  square  inch  that  may  be  allowed  on  the  safety 
-valves  ia  then  given  by — 

Working  pressure  = =^ — = — , 

Where  S  ■>  Tensile  strength  of  material  in  lbs.  per  square  inch. 

%  =  One  of  the  two  percentages,  found  by  Rules  above  dirided  by  100. 

T  =  Thickness  of  plate  in  inches. 

D  '  Inside  diameter  of  boiler  in  inches  (inside  diameter  of  outer 

strake,  if  any). 
F  -  Factor  of  safety  from  following  Table  if  %  refers  to  plate 

section. 
F  ™  4'6  if  %  refers  to  rivet  section. 
The  smaller  of  tiie  two  results  to  be  taken. 

Various  penal  additions  are  provided  in  the  rules  for  cases  in  which  the 
workmanship  is  of  inferior  character. 

If  it  is  proposed  to  use  steel  for  superheaters,  particulars  should  be 
■ubmitted  to  the  Board  for  consideration. 


TABLE  LXIX.— Board  or  Trade  Factors  op  Safety. 

Wbeo  all  rivet  holes  ore  drilled  in  place  after  beDding ;  edl  Beams 
filled  witb  double  bntt-Btrape,  eaoh  at  least  five-eighUiB  the 
Ihickness  of  tbe  plates  they  cover;  all  aeame  at  leaat  double 
riveted  i  and  boilers  open  to  inspection  during  cotistruotioD,        ■    S  =  4*S 
To  be  added  when  circamferential  seams  are  lap  and  double  riveted,  -  *1 

To  be  sdded  when  longitudinal  seams  are  lap  and  doable  riveted,       -  -S 

To  be  added  when  louzitudinal  Beams  are  lap  and  treble  riveted,        -  -1 

To  be  added  when  boiler  ii  of  such  length  as  bo  Gre  from  both  ends, 

tmless  middle  oironmferential  seama  are  lap  and  treble  riveted,  -  *3 

Compensating  rings  should  be  fitted  around  all  manholes  and  openings, 
of  at  least  the  same  effective  sectional  area  as  the  plate  cut  out,  and  in  no 
case  should  rings  be  of  less  thickuess  than  plate  to  which  they  are  attached. 
Manholes  in  shells  of  cylindrical  boilers  sEonld  have  thetr  shorter  axis 
placed  longitudinally. 

It  is  vei7  desirable  that  compensating  rings  round  openings  in  flat 
surfaces  be  of  L  or  T  iron. 

The  neutral  parts  of  shells  under  steam  domes  must  be  efficiently 
stiffened  and  stayed. 
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BoAKo  or  Tbaai  Rolbs  roB  Ctlirdbioal  Boilbh  Sbklia 
joihtb  with  dbillkd  holes. 
Formuln  for  ordinary  chain  riveted  and  OTdinary  zig-iag  riveted  joints, 


Let  E  >  distance  from  edge  of  plate  to  centre  of  rivet  in  inches. 
T  —  distance  between  rows  of  rivets  in  inches. 
T|  »  distance  between  inaer  and  middle  row  of  rivets  in  inches,  for 
chain  and  ag-x»g  treble  riveted  butt  joints  with  aitemate 
rivets  omitted  in  oator  rows. 

B  —  boiler  pressure  in  lbs.  per  square  inch. 

0  —  1  for  lap  or  single  bntt  joints. 

C  —  1'75  for  double  butt  joints. 

d  —  diameter  of  rivets  in  inches. 

D  —  inside  diameter  of  boiler  in  inches. 

F  ■■  Eeuitor  of  safety  for  shell  plates. 

n  =  number  of  rivets  in  one  pitch. 
O],  ~  diagonal  pitch  in  inches. 

Fd  —  diagonal  pitch  in  inchee  between  inner  and  middle  rows  of 
rivets  in  inches,  for  zig-Eag  treble  riveted  butt  joints  with 
alternate  rivets  omitted  in  outer  rows 

p  "  greatest  piteh  of  Tivv>\»  in  inches. 

r  "  percentage  of  plate  left  between  holes  in  greatest  pitch. 

B  —  percentage  of  rivet  section. 
B.  —  percentage  of  combined  plate  and  rivet  section. 

S  —  tensile  strength  of  material  in  lbs.  per  square  inch  of  section. 
S,  —  tensile  strength  of  plates  in  tons. 

T  —  thickness  of  plate  in  inches. 
T,  —  thickness  of  each  butt  strap  in  inches. 

%  -  least  value  of  r,  R,  or  r,  B,  Rj,  as  the  case  ma;  be,  divided  by  100. 

OBDtNABr  CHAIN   AND  ZlO-iUa   BIVBTBD  JOINTS. 

Iron  plates  and  iron  rivets,  or  steel  plates  and  steel  rivete  : — 

i5£i£__5.,. 

Steel  plates  and  steel  rivets  : —  '* 

100  X  23  K  d«  x  -7854  x  n  x  C  x  F      _ 

4  5  X  S.  X  p  X  T 7  ^ 

Oiven  C,  d,  F,  n,  T,  to  find  p,  so  that  r  and  B  are  equaL 
Steel  plates  and  st«el  rivets  : — 

23  X  rfi  X  -7854  X  n  X  C  X  P 


4-5  X  8,  X  T  T  "  -  ^ 

QWen  C,  F,  »,  T,  r,  to  find  p  and  d. 
Steel  pUtes  and  steel  rivets : — 

45  X  S,  X  r  X  T  , 

23  X  (100  -  r)  X  ■7S54  x  n  x  C  x  F  " 

100  X  4-5  X  Si  ■  r  X  T     

23  X  (100  -  r)S  X  -7854  x  m  x  0  x  P  "  '^ 
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Steel  p1at«8  and  steel  rivete  vhen  d  is  fouad  first,  then ; — 
lOOd 

Steel  plates  and  steel  butt  straps. 
Double  butt  straps : — 

Single  butt  straps  : — 


For  DlBtaiice  between  Bows  of  RivetB,  ftc,  for  Double,  Treble,  and  Qnadrnple 
Riveted  Lap  Joints;  and  Sonble  end  Treble  Biveted  Bntt  Joints  with 
same  Number  of  Bivets  in  Inner  and  In  Ottter  Bows. 

Steel  plates  and  steel  rivets  : — 

Chain-riveted  joints,  not  less  than : — 

2  X  d  =  V. 
2ig-zag  riveted  joints : — 

V(llp+  id)(p  +  id)  _  V 
10 
Diagonal  pitch  for  zig-zag  riveted  joints  : — 

6p  +  id 
— io Pi>- 

To  determine  the  Working  Pressore. 
S_x  %  X  2T  ^  g 

Chain  and  Zig-zag  Riveted  Joints  in  which  ever;  alternate  lUvet  has  been 
omitted  in  the  Ottter  Row,  or  in  the  Oater  and  the  loner  Bows. 
Steel  plat«s  and  steel  rivets : — 

100(p  -  cQ 

P 
Steel  plates  and  steel  rivets  : — 

100  X  23  y  rf!  X  -7854  x  n  x  C  x  P       „ 


4-5  X   S,   X  ;,  X  T. 
Steel  plat«3  and  steel  rivets  : — 

lWtj,-2d)  .  R 

p  *»-»>• 

When  the  Joints  are  fitted  with  Single  or  Double  Butt  Straps  and  the  Number 

of  BivetB  in  the  Inner  Row  is  double  the  Number  in  the  Outer  Row. 
Steel  plates  and  st«el  butt  straps. 
Double  butt  straps : — 

5  X  T(io  -  d)  _ 


8  X  (p  -  2d) 


=  T,. 
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Single  butt  straps : — 

9xT(p-d)_-, 
8  X  (^  -  2  d)         1" 
When  the  number  ot  rivets  in  the  inner  row  is  the  same  u  in  tiie  onter  r 
Doable  butt  stnpe : — 

Single  btitt  abMpt : — 


For  Strttnee  between  Bom  of  Ureti,  fto^  for  Donble  and  Treble  lUreted 
Bntt  Joints  with  Alternate  BivetB  omitted  in  Onter  Bows;  and  Treble 
Biveted  L^>  Joints  and  Bntt  Joints  with  alternate  Bireta  omitted  In 
Onter  and  in  Inner  Bows. 

Steel  plates  aad  steel  rivets : — 


Chain-riveted  joints :— 


For  treble  ohjun-riveted  joint  with  ftltenute  rivete  omitted  in  outer  rov  :— 

2  X  d  .  T,. 
Zig-zag  riveted  joiote  :^- 

Diagonal  pitch ; — 

For  treble  lig-zag  riveted  joint  with  ait«niat«  rivets  omitted  in  oater  row.- 

20  '■ 

Diagonal  pitch : — 


3p  +  id 


Pd. 


To  determhie  the  WorUng  Preefmre. 

"f1^d~  "  ^■ 

NoTB. — The  minimam  value  of  V  or  V^  for  chain-riveted  joints  is  given 
Mid,  but 5 —  ifl  more  desirable. 

Hsilmnm  Fitches  fiir  Blveted  Joints. 
T  ->  thickness  of  plate  in  inches. 

p  t.  maximum  pitch  of  rivets  in  inches,  provided  it  does  not  exceed  10  inches. 
C  =  constant  applicable  from  the  following  table  i-^ 
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TABLE   LKX. 


In  One  Fitch. 

Butt  strap  JolsU. 

131 

1-78 

2  62 

3M 

3-47 

4-63 

414 

6«0 

{Cxl)  +  lg=,^ 

When  the  work  ii  firat-olass,  such  pitches  may  be  adopted  bo  far  u 
safety  is  concerned ;  jet,  in  some  cases,  it  may  be  well  not  to  adopt  the 
greatest  pitch  found  by  the  formnla.  The  maximum  should  not,  howaver, 
exceed  10  inches  with  the  thickest  plates  for  boiler  sheila. 

If,  in  any  cose,  the  pitch  is  found  to  exceed  that  arrived  at  by  the 
foregoing  formula,  for  the  particular  description  of  joint  and  thickness  of 
|ilat«,  inch  pitches  should  not  be  passed,  bul^  in  all  cases,  reported. 
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APPENDIX   R 

Lloyd's  Rdlis  for  DrrEBHmiMo  thb  Workiho  pHisacTRE  to  be 
Allowed  ih  Nkw  Boilers. 

otuhdrioal  sbrll8  of  oteel  boilebb. 

The  strength  of  cylindrical  ahells  of  steel  boilers  is  to  be  calciilated  from 
the  following  fonnols : — 

^ — =r— i =  working  pressure  in  lbs.  per  square  inch. 

Where  D  —  mean  diameter  of  shell  in  inches. 

T  —  thicliDess  of  plate  in  sixteenths  of  an  inch. 

G  —  21,  when  the  longitndinal  aeauis  are  fitted  with  double  butt 

straps  of  equal  width, 
0  —  20*25,  when  thej  are  fitted  with  double  bntt  straps  of  unequal 

width,  oaly  oovering  on  one  side  the  reduced  section  of 

plate  at  tbe  outer  lines  of  riveta. 
C  >■  19*5,  when  the  longitndinal  seams  are  lap  joints. 

If  the  minimuni  tensile  strength  of  shell  plates  is  28  or 

29  tons  per  square  inch,  instead  of  27  tons  per  square  inch, 

these  values  of  0  may  be  correspondingly  increased. 
B  —  the  least  percentage  of  strength  of  longitudinal  joint,*  found  as 

For  plate  at  joint,  B  =  2-^-  x  100. 

„     rivets     „         B  = -■      ,  >c    85,  where  steel  rivets  are  used. 
P  X  ( 

B  =  "  "  "  X    70,      „      iron 

p   X    t 

Where  p  —  pitch  of  rivets  in  inches. 

I  =-  thickness  of  plate  in  inches. 
d  =•  diameter  of  rivet  holes  in  inchea, 

n  •=  number  of  rivets  used  per  pitch  in  the  longitndinal  joint, 
a  =  sectional  area  of  rivet  iu  square  inches.     In  case  of  rivets  in 
double  shear  l-76a  is  to  be  used  instead  of  a. 

Note. — For  the  shell  plates  of  superheaters  or  Bteain  chests  enclosed  in 
the  uptakes  or  exposed  to  the  direct  action  of  the  flame,  the  coefficients 
should  h«  I  of  those  given  in  the  preceding  tables. 

Proper  deductions  are  to  be  made  for  openings  in  shell. 

All  manholes  in  circular  shells  to  bo  stiffened  with  compensating  rings. 

The  shell  plates  under  domes  in  boilers  so  fitted  to  be  stayed  from  the 
top  of  the  dome  or  otherwise  stiffened. 

*  The  innde  butt  strap  to  be  at  least )  of  the  ■treugth  of  the  k^tgitudinal  joiDt. 
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The  streogth  of  ataya  snpporting  flat  Burfaces  is  to  be  calculated  from 
the  flmallest  part  of  the  stay  or  bst«iiitig,  and  the  Btrain  npon  them  U  not 
to  exceed  the  following  limitB,  name);  : — 

Iron  Stays. — For  stays  not  exceeding  1^  inches  smallest  diameter,  and 
for  all  stays  which  are  welded,  6000  lbs.  per  square  inch ;  for  unwelded 
stays  above  IJ  inches  smallest  diameter,  7600  lbs,  per  square  inch. 

Steel  StajB.—  For  (ct-eu)  stays  not  exceeding  li  inches  smallest  diameter, 
8000  lbs.  per  square  inch;  for  «ereui  stays  above  1^  inches  smallest  diameter, 
9O00  Iba.  per  square  inch.  For  other  stays  not  exceeding  1}  inches  smallest 
diameter,  9000  lbs.  per  square  inch,  and  for  stays  exceeding  1^  inches 
smallest  diameter,  10,000  lbs.  per  square  inch.  No  steel  stays  are  to  be 
welded. 

Stay  Tubes. — The  stress  is  not  to  exceed  7600  Ibe  per  square  inch. 

FLAT  PLATES. 

The  strength  of  flat  plates  supported  by  stays  is  to  be  taken  from  the 
following  formula : — 

0  K  T* 

— =j —  =  working  pressure  in  lbs.  per  square  inch. 

Where  T  -^  thickness  of  plate  in  sixteenths  of  an  inch. 

pi  =  square  of  pitch  in  inches.     If  the  pitch  in  the  rows  is  not  equal 

to  that  between  the  rows,  then  the  mean  of  the  squares  of 

the  two  pitches  is  to  be  taken. 
0  =  90  for  iron  or  steel  plates  ^^  tliick  and  under,  fitted  with  screw 

stays  with  riveted  heaoa. 
0  =  100  for  iron  or  steel  plates  above  ^  thick,  fitted  with  screw 

stays  with  riveted  heads. 
0  =  110  for  iron  or  steel  plates  ^-^  thick  and  under,  fitted  with 

stays  and  nuts. 
O  —  120  for  iron  plates  above  /^  thick,  and  for  8t«el  plates  above  ^^ 

and  under  A  thick,  fitted  with  screw  stays  and  nnts. 
C  —  135  for  steel  plates  ^  thick  and  above,  fitted  with  screw  stays 

and  nuts. 
O  "  140  for  iron  plates,  fitted  with  stays  with  double  nuts. 
C  =  150  for  iron  plates,  fitted  with   stays  with  double  nuts  and 

washers  outside  the  plates,  of  at  least  |  of  the  pitch  in 

diameter  and  J  the  thickness  of  the  platea. 
0  •=  160  for  iron  plates,  fitted  with  stays  with  doable  nuts  and 

washers  riveted  to  the  outaide  of  the  plates,  of  at  least  |  of 

the  pitch  in  diameter  and  ^  the  thickness  of  the  plates. 
0  =  175  for  iron  plates,  fitted  with  stays  with  donble  nuts  and 

washers  riveted  to  the  outaide   of  the  plates,   when  the 

washers  are  at  least  |  of  the  pitch  in  diameter  and  of  the 

same  thickness  aa  the  plates. 

For  iron  plates  fitted  with  stays  with  donble  nuts  and  doubling  strips 
riveted  to  the  outside  of  the  plates,  of  the  same  thickness  as  the  plates,  and 
of  a  width  eqnal  to  {  the  distance  between  the  rows  of  stays,  0  may  be 
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UkoD  M  17(S,  ir  P  it  Ukeu  to  be  the  dutanoe  between  the  rows,  and  l.&O 
when  F  u  t«ken  to  be  the  pitoh  between  the  staja  in  the  rows. 

For  Bteel  platei,  other  than  thoM  in  combustion  ohunbers,  the  v&luea  of 
0  may  be  increased  as  follows : — 

C  ■=  140  increased  to  176. 

O  =  160  „  166. 

0  =  160  „  200. 

0  =  175  „  220. 

C  =  190  „  240. 

If  flat  plates  are  atrengthenad  with  doubling  plates  securely  riveted  to 
them,  baviDg  a  tliiokness  of  not  less  than  f  of  that  of  the  plates,  the 
■treagth  to  be  taken  from 

=j ■  working  pressure  in  lbs,  per  square  inch, 

Where  T  =  thickness  of  doubling  plates  in  sixteenths,  and  0,  T,  and  P  are 
as  above. 

NoTK. — In  the  case  of  front  plates  of  boilers  ia  the  steam  space,  these 
num))er0  should  be  reduoed  20  per  cent.,  unless  the  plates  are  guarded  from 
the  direct  action  of  the  heat. 

For  steel  tube  plates  in  the  nest  of  tubes  the  strength  to  be  taken  from 


140  X  T* 
pi 


—  working  pressure  in  lbs.  per  square  inch. 

Where  T  -  the  thickness  of  the  plates  in  sixteenths  of  an  inch. 
P  =  the  mean  pitoh  of  stay  tubes  from  centre  to  centre. 
For  the  wide  water  spaces  between  the  nests  of  tubes,  the  strength  to 
be  taken  from 

■)  X 
pi 

Where  P  =  the  horizontal  distance  from  centre  to  centre  of  the  bounding 
rows  of  tubes ;  and 
0-120,  where  the  stay  tubes  are  pitched  with  two  plain  tubes 
between  them  and  are  not  fitted  with  nuts  outside  the  plates. 
0  =  130,  if  they  are  fitted  with  nute  outside  the  plates. 
0  =  140,  if  each  alternate  tube  is  a  stay  tube  not  fitted  with  nuts, 
0  =  160,  if  they  are  fitted  with  nuts  outside  the  plates. 
O  =  1 60,  if  every  tube  in  these  rows  is  a  stay  tube  and  not  fitted 

with  nuts. 
0  =  170,  if  every  tube  in  these  rows  is  a  stay  tube  and  each  altei^ 
nate  stay  tube  is  fitted  with  nuts  outside  the  plates. 
The  thickness  of  tube  plates  of  Oombustion  Ohambers,  in  cases  where 
the  pressure  on  the  top  of  the  chambers  is  borne  by  these  plates,  ia  not  to 
be  less  than  that  given  by  the  following  rule : — 
P  * 


"^  '  1760  X  (D  -  ay 


..Gooqfn 
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"Where  P  —  working  preeanre  in  Iba.  per  square  inch. 

W  =  width  of  Combustion  Chamber  between  plates  in  inches. 
D  =  horizontal  pitch  of  tubes  in  inches. 
d  =  inside  diameter  of  plain  tubes  in  inches. 
T  —  thickneaa  of  tube  plat«s  in  sixteenths  of  an  inch. 

aiBDEBS. 

The  strength  of  girders  supporting  the  tope  of  combustion  chambers  and 
other  flat  sorfaces  is  to  be  taken  from  the  following  formula; — 

j= — =- =r =-  =  working  pressure  in  lbs.  per  square  inch. 

Where  L  =  width  between  tube  plates,  or  tube  plate  and  back  plate  of 
chamber. 
P  =  pitch  of  Stays  in  girders. 
D  =  distance  from  centre  to  centre  of  girders. 
d  1=  depth  of  girder  at  centre. 
T  B  thickness  of  girder  at  centre. 

All  these  dimensions  to  be  taken  in  inches. 

Wrought  Iron. 

C  —  6,000,  if  there  is  one  stay  to  each  girder 

0  ^  9,000,  if  there  are  two  or  three  stays  to  each  girder. 

C  =  10,000,  if  there  are  four  or  five  stays  to  each  girder. 

C  =  10,500,  if  there  are  six  or  seven  stays  to  eAch  girder. 

0  e  10,800,  if  there  are  eigiit  stays  or  above  to  each  girder. 

Wrought  Steel. 

O  =    6,600,  if  there  is  one  stay  to  each  girder. 
O  =    9,900,  if  there  are  two  or  three  stays  to  each  nrder. 
0  =  1 1,000,  if  there  are  four  or  five  stays  to  each  girder. 
C  =  11,680,  if  there  are  six  or  seven  stays  to  each  girder. 
0  1  11,880,  if  there  are  eight  stays  or  above  to  each  girder. 

CIRCULAR   rURHAOKS. 

The  strength  of  plain  furnaces  to  resist  collapsing  to  be  calculated  as 
follows  ;— 

Where  the  length  of  the  plain  cylindrical  part  of  the  furnace  exceeds 
120  times  the  thickness  of  the  plate,  the  working  pressure  is  to  be  calculated 
by  the  following  formula : — 


Where  the  length  of  the  plain  cylindrical  part  of  the  furnace  is  less  than 
120  times  the  thickness  of  the  plate,  the  working  pressure  is  to  be  escalated 
by  the  following  formula : — 

60  X  (300  T-L)  ^.  .    „ 

'-yr i-  =  working  pressure  in  lbs.  per  square  inch. 
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Where  D  «  oaUide  diameter  of  faruMe  in  inches. 
T  —  thickoess  of  pUtei  in  inches. 

L  ■■  leogth  of  phun  cylindrical  part  in  inchea,  measured  from  the 
centres  of  the  rivets  connecting  the  fnrnnceB  to  the  flaoges  of 
the  end  and  tube  plates,  or  from  the  commencement  of  the 
curvature  of  the  fl^ges  of  the  fdmace  where  it  is  flanged  or 
fitted  with  Adamson  rings. 

In  the  fnmaoes  referred  to  below,  the  formula  given  are  applicable  if 
the  steel  used  has  a  tensile  strength  of  not  less  than  26  nor  more  than  30 
tons  per  square  inch.  If  the  material  of  furnaces  has  a  less  tensile  strength 
than  26  tons  per  square  inch,  then,  for  each  ton  per  square  inch  which  the 
minimnm  tensile  strength  falls  below  26,  the  coefficient  is  to  be  correspond- 
inglj  decreased  hy  ^  part. 

The  strength  of  corrugated  furnaces  made  of  steel,  on  Fox's,  Monson's, 
Deighton's,  or  Beardmore's  plan,  and  of  the  Leeds  Foi^  bnib  fomaoe,  to  be 
calculated  from 

1259  X  (T  -  2)  . .  ...  .    , 

1^ —  working  pressure  in  lbs.  per  square  inch. 

The  strength  of  Brown's  cambered,  and  improved  Purves'  furnaces  (with 
ribs  9  inches  apsrt)  to  be  calculated  from  the  following  formula : — 

1160  X  (T  -  3)  , .  ...  .    , 
= »  working  pressure  in  lbs.  per  square  inch. 

The  strength  of  apirallj  oorrugated  famsces  is  to  be  calculated  from  the 
following  formula: — 

912  X  (T  -  2) 

g ~  =  working  pressure  in  lbs.  per  square  inch. 

Where  T  ■£  thickness  of  plate  in  sixteenths  of  an  inch ;  and 

D  «  outside  diameter  of  corrugated  furnaces,  in  inches;  or  rmalh^ 
outside  diameter,  in  inches,  of  Brown's  cambered,  improved 
Furves',  and  Leeds  Forge  bulb  furnaces. 

The  strength  of  Holmes'  patent  furnaces,  in  which  the  oormgations  are 
not  more  than  16  inches  apart  from  centre  to  centre,  and  not  less  than 
2  inches  high,  to  be  calculated  from  the  following  formula ; — 

„    , .  ...  .    .       945  X  (T  -  2) 

Working  pressure  in  lbs.  per  square  uch  = ^r 1. 

Where  T  =  thickness  of  plain  portions  of  furnace  in  sixteenths  of  an  inch. 
D  a  outside  diameter  of  plun  parts  of  the  furnace  in  inches. 
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APPENDIX  P. 

Bulks  or  thb  Bbitisb  Corporation  tor  thi  Workiho  Fbbbsubi, 
Thicenbhsbs  or  Plates,  and  Sizes  or  Stats  ros  Steel  Boilers. 

The  mlea  following  are  intended  to  ftpply  to  the  oonstrnction  of  steel 
boilers;  where  boilers  are  to  be  made  of  iron,  the^  will  be  apeoiallj  con- 
sidered b;  the  committee. 

Strength  Calcolatloiu. — The  eisea  and  arrangement  of  the  different  parts 
for  a  given  working  pressure,  or  the  working  pressure  saitabte  to  a  giren 
size  and  arrangement  of  material,  may  be  found  from  the  following  formoln 
and  rules  : — 

Cflindiioal  Shells— 

Ox(T-l).E 

D ^' 

Where  0  >>  20*4,  when  the  longitudinal  seams  are  fitted  with  double  butt 
straps  of  equal  width,  and  of  thickness  at  least  equal  to  that 
obtained  from  the  formula  for  butt  straps. 

0  —  19'7,  when  the  double  butt  straps  are  of  unequal  width — *.«., 
one  strap  not  covering  the  outer  row  of  rivets,  with  the 
thickness  as  before. 

0  =  19*0,  when  the  longitudinal  seams  are  lap  joints. 

T  =  thickness  of  shell  plate  in  sixteenths  of  an  inch. 

E  —  the  least  percentage  of  strength  of  longitudinal  joints,  found 
as  follows  :— 

For  the  plate  at  the  joint,  E  -  ^~^—  x  100. 

f  86  for  steel  rivets. 
(  70  for  iron  rivets. 

■  pitch  of  rivets  in  inches. 

■  diameter  of  rivet  holes  in  inches, 
n  >  number  of  rivets  nsed  per  pilch. 

a  '  sectional  area  of  rivets  in  square  inches. 
t  ~  thickness  of  plate  in  inches. 

Where  rivets  are  in  double  shear,  1-76  a  is  to  be  need  instead  of  a. 
D  —  mean  diameter  of  shell  in  inohes. 
W  =  working  pressure  in  lbs.  per  square  inch. 

l^OTE. — The  constant,  C,  is  to  be  used  with  steel  of  the  minimum 
strength  of  28  tcms  per  square  inch,  as  required  by  the  rules  (see  p.  088) ; 
when  a  higher  minimum  strength  is  guaranteed,  the  constant  may  be 
proportionately  increased. 
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Donble  Bstt  Straps. — When  »11  the  rowa  of  riveU  in  th«  bntl  are  of  the 
■ante  pitch,  eeoh  strap  miiBt  be  at  least  five^ighths  of  the  thickness  of 
the  shell  plate,  and,  wht>ii  the  pitch  of  the  onter  row  of  rivets  is  twice  that 
ot  the  centre  row,  the  thickness  of  each  plate  is  to  be  in  acoordaace  with 
the  following  formula : — 

T        T  "(P-^) 
>  >i{p-2d)' 

ixteenths  of  an  inch. 
izteenths  of  an  inch. 
p  —  pitch  of  rivets  in  inches. 
d  -  diameter  of  rivet  holes  in  inches. 
Flat  BnifUiei,  lopported  by  Stays— 

«''^-J''-w. 

Where  C  «  S50  for  plates  fitted  with  screwed  stays  having  riveted  heads. 

G  —  330  for  plates  fitted  with  screwed  stays  and  nuta 

C  =  400  for  plates  fitted  with  stays  and  double  nuts. 

0  —  436  for  plates  with  stays,  double  nuts,  and  washers  outside. 
The  washers  to  be  at  least  half  the  thickness  of  the  plate, 
and  in  diameter  equal  to  one-third  the  pitch  of  stays. 

O  K  476  for  p]at«s  fitted  with  stays,  double  nuts,  and  washers  out- 
side riveted  to  the  p1at«.  The  waabers  to  be  at  least  half 
the  thidcness  of  the  plate,  and  in  diameter  equal  to  two- 
fifths  the  pitch  of  the  stays. 

0  —  620  for  plates  fitted  with  stays,  double  nuts,  and  washers  out- 
side riveted  to  the  plate.  The  washers  to  be  the  same 
thickness  as  the  plate,  and  in  diameter  equal  to  two-thirds 
the  pitch  of  the  stays. 

G  •■  668  for  plates  fitted  with  stays,  double  nuts,  and  doubling  strips 
outside  riveted  to  the  plates.  The  strips  to  be  the  same 
thickness  as  the  plate,  and  in  width  equu  to  two-thirds  the 
pitch  of  the  stays. 

T  —  thickness  of  plate  in  sixteenths  of  an  inch. 

P  —  greatest  pitch  of  stays, 
jp  =  least  pitch  of  stays. 
W  —  working  pressure  in  lbs.  per  square  inch. 


P*  +  jj* 


0' 


-  w. 


Where  t  - 

G,  T,  P,  p,  and  W,  < 

KoTB. — For  front  plates  in  the  steam  space,  which  are  not  protected 
against  the  direct  action  of  the  flame,  the  constants  given  above  are  to  l>e 
reduced  20  per  cent. 
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Tabe  Platei— 

320  X  (T  -  1)*  _ 
P»  +  p«        "  "■ 

Where  T  and  W  are  as  before. 

P  =  greatest  pilch  of  stay  tubes  from  centre  to  centre  in  inches. 
p  •=  least  pitch  of  stay  tubes  from  centre  to  centre  in  inches. 

When  girders  are  fitted  to  the  tops  of  conibustion  chambers,  the  thick- 
ness of  the  tube  plates  must  be  found  from  the  formula — 


(P  -  d)  X  1800  " 

"Where  W  =  working  pressure  in  lbs.  per  square  inch, 

L  =  width  of  combustion  chamber  over  the  plates  in  inches. 

P  ~  horizontal  pitch  of  tubes  in  inches. 

d  =  inside  diameter  of  plain  tube  in  inches. 

T  =  thickness  of  tube  plate  in  sixteenths  of  an  inch. 

Stays  supporting  Flat  Bar&csa — 


Where    8  »  Burface  in  square  inches,  supported  by  the  stay, 

W  =  working  pressure  in  lbs.  per  square  inch. 

D  =  effective  aiaraeter  of  stay  in  inches. 

C  =  7700  for  Bteel  screwed  stays. 

C  =  6500  for  iron  screwed  stays. 

C  -  6900  for  longitudinal  steel  stays. 

0  -  7000  for  longitudinal  iron  stays. 

Stay  Tubes  are  not  to  be  subjected  to  a  gre&ter  stress  than  7500  lbs. 
per  square  inch. 

Clrcnlar  FornaceB. — Thickness  of  plain  furnaces  and  of  furnaces  with 
Adamson  rings  pitched  more  than  20  inches  apart — 

~  {18-75  T  -  (L  X  1-03)}  =  W. 

Thickness  of  bulb  furnaces  made  by  the  Leeds  Forge  Company — 
1250  X  (T  -  2)  ^  ^ 

Thickness  of  furnaces  with  Adamson  rings  pitched  not  more  than  20  inches 
apart,  or  corrugated,  ribbed,  and  suspension  furnaces  (Fox,  Purres,  Horison, 
Deighton,  and  Brown's  cambered) — 


1160  X  (T  -  2) 

~      D  "  "• 
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Tfaickneas  of  Fkrnlcjr  apinl  fanute«  Mid  Holmes'  fonuc^^ 

gW  »  C  -  2)      ™. 
D *• 

Where   T  =  ihifilcneu  of  pUte  ia  lixteeDths  of  ui  iach. 

L  —  length  of  faroAce  or  pitch  of  ■biSe&iDg  rings  in  inches. 
D  —  BDuUeat  oaUide  diameter  of  furnace  in  inclie>. 
W  *  working  preomre  in  lbs.  per  sqaare  inch. 

Oirtoi  tor  Combuttoo  Ctaimber  Tc^s— 


When  0  -  U,BOO  for  ateeUnd  13,180  for  iroa. 

d  —  depth  of  girder  at  the  centre  in  inches. 

t  —  thickneaa  of  girder  in  inchea. 

D  —  diitasoe  from  centre  to  centre  of  girden  in  inches. 

L  —  length  from  tube  plate  to  tube  plate,  or  firom  tube  plate  to  back 

of  comboBtion  chamber,  in  inches. 
n  —  number  of  stayi  fitted  with  each  girder. 


OBHBBAL    CoiiaTBDCTTrOIT, 

1 .  Each  boiler  must  have  at  least  one  glass  water  gaug^  two  tart  cooks, 
and  one  steam  pressure  gauge.  DonUe-ended  boilers  are  to  have  these 
littiDgs  at  each  end.  One  aalinometer  cock  must  also  be  fitted  to  each 
boiler.  Where  the  water  gouge  pillar  is  attached  by  pipes  to  the  steam  and 
water  spaces,  cocks  or  valves  should  be  fitted  to  the  shell  of  tiie  boiler  at 
the  ends  of  these  pipes. 

3.  A  stop-valve  is  to  be  fitted  to  each  boiler,  so  that  an^  one  of  a  series 
of  boilers  maj  be  worked  independently  if  required.  The  neck  of  the 
stop-valve  to  be  as  short  as  possible.  All  boiler  and  engine  stop-valvea  to 
be  tested  to  at  least  twice  the  working  pressure. 

3.  Two  safety-valves  will  be  required  for  each  main  boiler,  and  they 
must  be  tested  under  steam  to  the  satisfaction  of  the  surveyors,  and  set  to 
a  pressure  not  more  than  3  per  cent,  in  excess  of  the  intended  working 
pressure.  The  combined  area  of  the  valves  is  to  be  sufficient  to  prevent 
the  steam  accumulating  to  more  than  10  per  cent,  of  the  working  pressure 
during  fifteen  minutes  full  firing,  with  main  engines  stopped.  If  the 
boilers  be  supplied  with  forced  draught,  the  valve  area  must  be  increased  so 
that  the  same  conditions  may  be  met. 

4.  Easing  gear  is  to  be  provided,  and  so  arranged  that  the  Bafety-ralves 
on  any  one  boiler  may  be  lifted  simultaaeonsly,  without  interfering  with 
those  on  any  other  boiler. 

5.  Sur&ioe  and  bottom  blow-off  cocks  should  be  fitted  to  the  boiler,  in 
addition  to  the  oock  on  the  hall  of  the  vesaal,  and  all  oocks  most  have 
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spigoU  extending  throngh  the  hull  pitting,  with  a  plate  flange  round  same 
on  the  ontaide. 

6.  It  ia  recommended  that  manhole  doora  in  boUeni  be  not  leaa  than 
16  inohea  by  12  inchea. 

7.  Upon  completion,  the  boilers  and  aaperheatera  are  to  be  tested  hj 
liydranlic  preasnre  to  twice  the  intended  working  pressure,  and,  after 
being  placed  in  position  in  the  Teasel,  they  mast  be  efficiently  secured 
by  brackets  and  stays  to  prevent  an;  fore-and-aft  or  athwartship  movement. 
It  is  strongly  recommended,  becauae  of  the  rapid  corroaion  which  takes 
place  in  material  near  them,  that  the  boilers  be  kept  as  high  as  possible 
above  the  floors  or  tank  top,  and  that  the  under  aide  of  the  boilers 
be  efficiently  insulated. 

8.  Donkey  boilers  need  not  have  more  than  one  safety-valve,  provided 
the  valve  area  be  not  less  than  ^  square  inch  for  each  foot  of  grate  surface. 
In  other  respects,  the  requirements  for  donkey  boilers  are  the  same  aa  for 
main  boilers. 
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APPENDIX    O. 


BtJBBAU   TXBITAB  RuLBB    FOB   BoiLBB   ShBLLS,   WoBKING  PBBSBDRB,  OB 

Thickness  or  Plates,  ahd  for  Sizes  of  Stats.* 

OIROOLAB  SHELLS  AHD   STBAH-BOLDEBB  WITH    IHTEBITAL  FBBSSDBEL 

A  BiTETBD  joint  maj'  fiul  through  tb«  tearing  of  the  plmte  or  butt  stisp 
between  the  rivets,  the  sheBring  of  &11  the  rivets,  or  b;  &  combination  of 
the  two.  The  following  formule  apply  to  these  several  cases.  The  plate 
thickneBB  and  the  diameter  of  rivets  to  be  applied  to  have  the  highest 
values  which  each  formula  would  give  separately. 

I.  Rupture  through  Plate. 
The  formuln  for  working  pressure  and  plate  thickness  are  in  this  case : — 

PD    ^  }       •        -        -        <^> 

and  (  -  ±J^  +  0-04  inch   I 

Where  P  =  allowed   working    pressure,  above   atmosphere,  in    lbs.   per 
square  inch. 
D  —  greateatinside  diameter  ofboilershellorstearD-holderin  inches. 
t  "  thickness  of  shell  plates  in  inches.    ( -  0-04  inch  represente  the 
thickness  leflaftera  reduction  of  0*04  inch  through  corrosion. 
B  ^  the  tensile  stress  in  lbs.  per  square  inch,  which  will  be  allowed 
in  the  plate.     The  value  of  R  will  be  the  breaking  strength 
divided  by  4,  the  latter  figure  representing  the  factor  of 
safety  for  the  plate  after  it  has  been  corroded  away  by 
004  inch. 
If  the  actual  breaking  strength  happens  to  be  known  bv  tests  carried 
out  to  the  Administration's  satisfaction,  it  may  be  applied  for  finding  R; 
but  when,  as  usual,  it  is  not  known,  the  value  of  R  will  be  : — 

ForSteeL — The  fourthpartof  the  lower  limit  of  tensile  strength  chosen  by 
the  designer,  which,  in  such  case,  is  to  be  stated  when  a  boiler  design  u 
submitted  for  approval. 

For  Iron. — 11,200  lbs.  per  square  inch,  corresponding  with  a  tensile 
strength  of  20  tons.  A  table  annexed  shows  the  values  of  3  R  for  variooB 
tensile  strengths. 

a  °>  ratio  of  the  resistance  of  the  plate  left  between  the  holes  to  that  of 
the  full  plates.     It  will  be  determined  from  the  following  expression  : — 


'  y.B. — U  a  boiler  is  intended  for  avMsel  belaogiog  to  a  ooanti;  where  UieUw 

Ereacribee  heavier  soantlingi  than  those  required  by  the  following  paisgiaphs,  Uia 
uildera  have,  of  oonne,  to  comply  with  the  U^al  reqairements. 
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"When)  p  —  pitch  of  riv«ts  in  outer  row  in  inches. 

d  =  diameter  of  rivet  holes  in  inches,  either  the  real  diameter  or  a 
corrected  one,  aocorUing  to  the  following  clauses  : — 

1,  When  the  rivet  holee  are  drilled,  or  when,  h&ving  been  punched,  the; 
are  afterwards  drilled  or  rimered  out  so  that  the  injured  metal  around  is 
completely  removed,  the  real  diameter  ma;  be  taken. 

2.  When  the  holes  are  eimply  punched,  they  will  be  considered  as  being 
^  inch  laiger  in  diameter  than  as  punched. 

TABLE  LXXI.,  saowtNO  the  Talubs  or  3R. 
In  FormuUe  (1.)  an(HlV.)/or  Variou*  TetuUe  Strmgtht  qf  the  Material. 


TouU*  Stnogtb 

TaiuU*  Btr«n«th 

trfPUtoln 

Vda.  of  IK. 

ofPI.M«to 

v«io8  <a  IB. 

Tom  pa  Sq.  Inch. 

ToniiMSq.  IndL 

32 

36,800 

Ui 

27,400 

31 

34,700 

24 

26,900 

30 

33,600 

23i 

26.300 

2» 

32,600 

23 

26,800 

28 

31,400 

22i 

26,200 

27 

30,200 

22 

84,000 

2«i 

29,700 

21  i 

24,100 

28' 

29,100 

21 

23,600 

29} 

28,600 

20i 

22,900 

2fi 

28,000 

30 

22,400 

IL  Jtupture  through  Rivets. 

In  this  case  the  following  are  the  formulie  for  finding  the  allowed 
working  pressure  or  required  rivet  seotion : — 
n      2A« 


and 


2A.^ 
•dT 

2.     / 


(II.) 


Where  P  and  D  have  the  same  meaning  aa  before,  and 

I  =  the  length  in  inches  of  the  identical  parts  into  which  a  riveted 
joint  can  be  subdivided.     In  most  caaes,  I  is  the  pitch  of  the 
rivets  in  the  outer  rows  (figs,  g  and  A).      In  general,   it 
depends  upon  the  system  of  joint  adopted. 
t  —  the  maximum  shearing  stress  in  lbs.  per  square  inch  which  wilt 
be  allowed  on  the  rivets.     It  will  be  the  fourth  part  of  the 
actnal  shearing  resistance  of  the  material,  if  known,  from 
testa.     If  the  actual  shearing  resistance  of  the  rivet  bars  is 
not  known,  it  will  be  assumed  to  amount  to  0-6  of  their 
tensile  strength,  and  the  value  of  ■  will  be : — 
Fn  BteeL — The  fifth  pari  of  the  lower  tensile  limit  adopted  by  the 
designer.    The  upper  tensile  limit  may  not  In  any  case  exceed  27  tons  per 
square  inch. 
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For  Iron. — 9000  Iba.  per  aqiutre  incli,  oomspoadiDg  vith  a,  tensile 
■tiwngth  of  »bont  20  tons  per  sqiure  inch. 

A  —  the  toMl  ghearing  sur&oe  in  sqiure  inchea  of  the  rivets  (that  is, 
twioa  the  wea  of  the  riret  hole  whea  a  rivet  is  in  donble 
■he«r),  with  or  without  correotioiu,  ucordi&g  to  the  follow- 
ing rules  :— 
I.  The  toUd  area  of  the  rivet  bole,  without  eny  redaction,  may  be 
brought  into  ftccoant  when  ihe  rivet  holes  »re  drilled  in  place  after  the 
plates  are  bent,  and  the  longitndina]  and  oircumferential  seams  at  least 
(lonble-riveted,  the  former  by  machine. 

This  olaose  also  applies  to  the  case  where  the  holes,  bavin);  been  panohed, 
are  aflerwanls  drilled  out  in  place,  so  as  to  correspond  perfectly  with  each 
other. 


1 —  r.-t —  p  —t 

r  T  • 

•••••• 

•  -a«:v*j:^»-  »- 

•    •    •    •    •    •    1 

.      •           9           • 

|4r.«-*r-«.-*!'-»%| 


•      i 


•  •o 

~  -Q 


Fig.  g.  Fig.  h, 

2.  1^  of  the  full  area  is  to  be  taken  when  the  joint  is  made,  aa  in  the 
preceding  case,  with  the  exception  that  the  riveting  is  done  by  hand. 

3.  i  of  the  full  area  are  to  be  applied  when  the  rivet  holes  are  punched 
after  the  plates  are  bent,  and  the  longitudinal  seams  at  least  double-riveted. 

III.  Combined  Sttpturt  throttffh  Plate  and  RioeU. 


This  case  is  only  to  be 
than  the  inner  ones. 

The  formula  to  be  applied  in  this  case  is: — 

2(B  X  R  +  O  »c  8) 
^"  D  X  ( 


led  when  the  outer  row  has  a  wider  pitch 


■   (in.) 

Where  P,  R,  S,  D,  and  I  have  the  same  meaning  as  before. 

B  -^  the  Reotional  area  in  square  inches  of  the  plate  on  the  portion,  t, 
of  the  joint  along  the  line  of  its  supposed  rupture,  assuming 
that,  in  case  the  plate  is  liable  to  corrosion,  its  thickness  bos 
been  reduced  by  004  inch.  The  area  of  the  plate  is  to  be 
corrected  as  per  Case  L,  No.  2,  when  the  rivet  holes  are 
simply  punched. 
0  K  the  total  area  of  the  rivets  which  are  supposed  to  shear  on  the 
length,  I,  corrected,  if  required,  in  the  same  way  as  prescribed 
in  Case  II.,  Nob.  2  and  3. 
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For  a  rivet  in  donblo  shear,  the  resistance  will  be  oonsidered  as  being 
twice  that  of  one  in  single  shear. 

IT.  Supture  tArout/h  Butt  Strapt, 

Raptnre  maj  take  place  along  one  of  the  iiioer  rows  of  rivets  (see  P,  Q, 

figs,  g  and  h).    The  formnln  for  tbu  case,  based  ou  the  same  principle  as 

<L),  are  :— 

p  _  2aR(f-0Q4)         \ 
r  -         ^g 

and  .  t"  ^^  +  0-04  inch  I 

Where  P,  D,  and  R  have  the  same  meaning  as  before. 

t  B  thickness  ia  inches  of  bntt  strap,  or  sum  of  thicknesses,  if  there 
are  two  straps.  (The  thickness,  of  course,  not  to  be  less  than 
required  for  caulking.) 

3 
Where  q  ■>  pitch  of  rivets  in  the  inner  row  in  incheB. 

d  m  diameter  in  inches  of  the  rivet  holes  in  the  inner  row;  increased 
by  J  of  an  inch,  if  the  holes  are  simply  punched. 

T.  Combined  Muplure  through  Suit  Slrapt  and  Rw»U. 

Fonnala  (III.)  applies  to  this  case,  B  being  the  section  of  the  butt  strap, 
or  straps,  along  which  rupture  wonld  take  place. 

Corrections  as  for  case  III.,  Noa  2  and  3. 

Remarks. — No  rivet  boles  to  be  nearer  the  edge  of  any  plate  than  the 
diameter  of  the  rivet.  In  zig-zag  riveting,  the  distance  between  the  rows  is 
to  be  such  that  no  rupture  through  plate  or  bntt  strap  ia  to  be  feared  aloag 
the  zig-zi^;  line. 

When  stays  are  bolted  through  the  shel),  tbey  should  be  bo  arranged 
that  they  do  not  weaken  the  shell  plates  more  than  the  riveted  joints.  If 
the  resietanoe  at  the  stay  bolts  ia  the  smaller  of  the  two,  the  plate's  thiok- 
nesa  shall  be  determinea  by  it.  It  will  be  found  from  a  fomiiila  the  same 
as  (I.),  p  and  d  applying  to  the  stay  bolts. 

For  circumferential  seams,  double  riveting  will  be  required  if  the  thick- 
ness of  the  plates  exceeds  \  inch. 

In  double-ended  boilers  with  six  furnaces,  treble  riveting  will  be 
required  for  the  circumferential  seams  connecting  the  courses  with  each 
other ;  it  is  not  required  for  the  end  seams. 

In  double-ended  boilers  with  four  furnaces,  the  same  arrangement  is 
recommend  ed. 

Example  showing  the  application  of  the  above  rules  to  the  joint  in 
fig.  h  (p.  664). 

1.  The  value,  p-  d,  is  the  clear  distance  between  the  rivet  holes,  E  and 
F.     If  the  holes  are  punched, 

p  -  (dia.  hole  £  +  ^  inch), 
is  to  be  considered  as  the  equivalent  length. 
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II.  The  length,  I,  u  eqnsl  to  p.  The  riTeta,  which  vould  be  sheared  on 
this  length,  woald  be — 

In  lingle  ahear ;  one-htdf  of  rivet  E,  one-half  of  rivet  F — total,  one 
rivet  K 

In  double  ahear :  one-half  of  rivets  H  and  J,  the  whole  of  Q  and  K — 
total  three  rivets :  each  oonntii^;  double.     Consequently, 

A  -  ana  of  one  hole,  B  +  6  x  area  of  one  hole,  O.  A  ia  to  be  multi- 
plied by  }j  or  j,  in  accordance  with  Oase  TI.,  2  and  S,  if  the 
oonditiona  mentioned  therein  take  place. 

III.  Rapture  of  plate  along  the  line,  N  O,  and  abearing  of  the  rivets  in 
the  outer  row. 

No  corrosion  is  likelv  to  take  place  in  the  interior  of  the  joint.  Oonse- 
qnently,  in  formula  (III.) — 

B  =  (p  —  1^  X  diameter  of  rivet  hole,  Q)  *  thickness  of  plate ;  the 
diameter  of  the  rivet  hole,  O,  increased  hy  i  inch,  if  the  holes 
are  punched.  The  shearing  snr&ce  of  the  nveta  ia  one-half  of 
G  and  one-half  of  F,  therefore, 
0  —  area  of  one  rivet  hole,  E,  to  be  multiplied  br  }j-  or  {,  if  required, 
according  to  clauses  Nob.  2  and  3  (Case  II.) 
IT.  Rupture  of  butt  straps  through  F  Q. 

The  area  which  resiata  rapture  ia,  on  the  length, j:  (7  — diameter  of  bde^ 
J)  X  aum  of  thicknesB  of  straps,  the  diameter  of  J  to  be  increased  by  ^  inoh, 
if  the  holes  are  simply  punched. 

V.  Rupture  of  butt  strap  through  LM. 

In  this  case,  the  rivets  in  the  rows,  NO  and  PQ,  must  ahear  (double 
ahear),  and  we  have  in  formula  (IV.)— 

B  »  (j>  — diameter  of  hole^  E)  x  thickneu  of  wide  strap.     The  dia- 
meter, E,  being  increased  by  J  inch,  if  the  holes  are  simply 
punched. 
0  -  3  X  area  of  hole,  O  -1-  3  x  area  of  hole,  K.     Which  value  haa  to 
be  multiplied  by  J  or  ^,  if  the  Oase  II.,  Noa.  2  and  3,  occur. 
SheUi  Of  Saperheatera.— The  same  mode  of  determining  the  working 
pressure   or  the  thickness   of  shell   plates  will    be   followed  for  circalar 
cylindrical  superheaters,  and  the  same  formnlia  may  be  used,  but  vrith 
the  following  alterations  : — 

1.  When  the  pistes  are  exposed  to  the  direct  action  of  the  prodncts 
of  combustion,  the  values  of  R  and  S,  aa  given  for  Ooaes  I.  and  II.,  will 
have  to  be  multiplied  by  0-6  and  the  addition  to  the  thickness  of  plates, 
on  account  of  corrosion,  will  be  increased  from  0-04  to  ^  of  an  inch,  to 
compensate  for  the  oorrosive  action  of  the  gases. 

Formaltt  (I.)  become,  therefore — 

l-6^R(f-.V) 
r  p       ^ 

PD 

and  «=  ITVR*  A>'"=1'. 

2.  When  the  plates  are  protected  from  the  direct  action  of  the  produota 
of  combuHtioD,  R  and  S  will  be  multiplied  by  0-9,  and  tbt  additional 
thickness  for  burning  away  will  be  J  inch. 
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Formnln  (1)  become  ia  thU  coae^ 

P ^ ^  and  (  -  pj^  +  Jmch. 

fLAT   PLATES, 

The  allowed  working  pressure  or  the  thJckneaa  of  flat  plates  is  to  b9 
determined  by  the  following  fomiiilie  : — 

Where  P  =  allowod  working  pressure  above  atmosphere  in  Iba.  p«r  x].  inch. 
t^  thickness  of  plate  in  sixteenths  of  an  inch. 
a  !■  pitoh  of  stays  in  inches,  in  one  row. 
6  K  distance  in  inches  between  two  raws  of  stays. 

NoTK. — When  plates  are  effectively  stiffened  by  donbling  plates  well 

riveted  thereto,  and  having  a  thickness,  t,  in  sixteenths,  the  value,  t  +  ■=, 
tnay  be  substituted  for  t  in  the  formula.  ^         , 

In  case  of  irregular  staying,  such  as  in  the  annexed     J'^     /  (^ 
■ketch  (fig.  i)—  ^v  ^>'  "^ 

\  (P,  +  Pj)  shall  bo  taken  instead  of  »/a«  +  6*.         --^  '"y 

T  o  tensile  strength  of  the  material  in  tons  per  (S^  \     /Tf 

square  inch  of  the  original  section. '  '  V^ 

It  is  to  be  determined  in  the  same  way  as  for  shell  Fig.  i. 

plates,  that  is — 

For  steel  it  will  be  equal  to  the  lower  limit  of  the  tensile  stress,  which 
is  to  be  stated  on  the  drawing. 

For  iron,  20  tons  per  square  inch. 

0  =  a  constant,  the  value  of  which  depends  upon   the   mode  of 

staying,  as  follows : — 
C  =  0-0S4  when  the  stays  are  screwed  into  the  plates  and  riveted  over. 
0  =  0065  when  the  stays  are  screwed  into  the  plates  and  fitted  with 

outside  nuts  at  both  ends. 
0  —  0-062  when  the  stays  are  fitted  with  inside  and  outside  nuts 
and  washers,  provided  the  diameter  of  the  outside  washera 
be  at  least  0-4  of  the  pitch  between  the  rows  of  stays.     The 
thickness  of  the  washer  to  be  at  least  }  that  of  the  plate. 
0  —  0055  when  the  stays  are  fitted  with  inside  and  outside  nuts 
and  washers,  the  outside  washer  being  riveted  to  the  plate 
and  having  J  of  the  plate's  thickness  and  a  diameter  equal 
to  0'6  of  the  pitch  between  the  rows  of  stays. 
0  =  0050  when  the  outside  washers  are  replaced  by  strips  of  plate, 
having  a  width  of  at  least  0*6  of  the  distance  between  the 
rows  of  stays,  with  a  thickness  not  less  than  ^  that  of  the 
plate ;  the  strip  being  well  riveted  to  the  plate> 

T 
For  the  values  of  p,  see  Table  Ixxit  .  „ 
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When  the  ptfttea  are  in  oontact  with  steun  on  one  side  uitl  fimme  or 
hot  msri  on  the  other,  the  thickness  is  to  be  increued. 

For  instiLnoe,  when,  in  retnm  tube  boilera,  the  top  front  pintes  ftre  ia 
no  way  protected  from  the  hot  esses,  the  working  pressure  or  tbickuesa 
will,  in  such  a  esse,  be  determined  bj  the  formalie  : — 


P- 


0-9  T 


J(«' 


When  the  said  front  plstea  are  protected  hj  a  flame  plate,  no  increase 
of  thickness  will  be  reqaiivd. 

When  front  plate*  are  'in  two  pieces,  the  lap  tfaonld  be  doable-riveted 
if  the  thicker  plate  ia  }  inch  or  above. 

T 
TABLE  T.TXTT, — ^TALxm  or  ^  nr  thi  Fobmitla  fob  Put  Platis. 


ofFlMvIn 

0-»OM. 

0-01)66. 

O«D«10- 

Ion.  p«  8q.  Inch. 

SO 

?  =  238-0 

?-'"•• 

T 

^  =  322-6 

J  =363-6 

J  =  400 

21 

260-0 

323-0 

338-6 

3S1-8 

420 

22 

262-0 

338-4 

354-8 

400-0 

410 

23 

2738 

353-8 

371-0 

416-0 

460 

24 

285  8 

369  2 

387-0 

430-2 

4S0 

25 

297-6 

384-6 

403-2 

454-1 

SOO 

3$ 

309-6 

400-0 

419-4 

472-6 

620 

27 

321-4 

415-3 

43a-4 

490  8 

6(0 

28 

335-4 

430-7 

461-6 

609-0 

660 

29 

345-2 

4461 

467-8 

627-2 

680 

30 

357 -8 

461 'S 

483-8 

64S-4 

GOO 

The  diameter  of  stays  aapporting  flat  surfaces  is  to  be  determined  b^ 
the  following  forniuU : —  


inches  (for  instance,  the  diameter   : 
■crew  stays). 


:e  d  B  efiective  diameter 
bottom  of  thread 
Q  "  total  load  on  stay  ic 
T  =1  tensile  strength  of  the  material  in  tons  per  square  inch. 


For  steel,  this  tensile  strength  will  be  the  lower  limit  chosen  by  the 
boiler  designer;  for  iron,  it  will  be  taken  at  22  tons.  In  both  cases  the 
actual  strength  may  be  applied,  if  it  is  known  from  teats. 

If  the  stays  are  not  round,  their  croBS4ection  must  be  such  that  the 
■trees  per  square  inch,  caused    by    the  load,  Q,  nowhere  exceeds  5'75th 
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part  of  the  tenaile  strength,  after  deducting  ^  of  an  inch  all  round  as 
an  allowance  for  corroaion  or  wear. 

In  welded  stays,  the  ati'esa,  as  jnst  described,  wilt  be  reduced  bj  20  per 
cent.     Welding  of  steel  stays  is  only  allowed  for  very  mild  qualitiea 

For  high  working  pressures,  such  as  used  in  triple- expansion  engines,  it 
is  recommended  to  screw  all  stays  into  the  plates  they  support,  in  addition 
to  fitting  them  with  nuts. 

This  also  applies  to  stay  tubes,  with  the  exception  that  it  is  recom- 
mended that  nuts  shonld  not  be  fitted  in  combustion  chambers. 


OIKOULAR  FURNACES. 

Plain   Cylindrical   Fwmaeet. 

The  working  pressure  and  the  thickness  of  the  plates  may  be  calculated 
from  the  following  formula : — 


-r-^ 


and 

Where  t  >  the  required  thickness  of  plates  in  inches. 

D  ^  outside  diameter  of  furnace  in  inches. 

F  =  working  pressure  in  lbs.  per  square  inch  (above  atmosphere). 

L  =  length  of  furnace  in  feet ;  or,  if  made  or  fitted  with  efficient 
rings,  the  length  between  the  rings. 

C  =  70,000  when  the  furnace  is  truly  circular  and  the  longitudinal 
seams  are  welded,  butted,  or  lapped  and  bevelled,  and  double- 
riveted  in  the  last-named  case. 

0  =  60,000  when  the  furnace  is  not  truly  circular,  or  when  the 
longitudinal  seams  are  simply  lapped. 

The  above  constants  apply  to  iron  plates  of  fair  quality. 

They  may  be  multiplied  by  1-2  when  the  plates  are  of  mild  steel,  or 
of  iron  of  the  best  quality  with  regard  to  bebavioiir  under  the  action  of 
the  fire,  having  a  uniform  structure  without  blisters  or  other  defects,  and 
fulfilling  the  following  conditions,  to  be  ascertained  by  testing  Bamples  : — 

with  the  OratD.  Acr«i  ths  GiiId. 

TeDBile  Btrength, 33  tons  per  sq.  in.  21}  tons  per  aq,  in. 

Elonsation  in  8  inches, IS  per  cent.  10  per  ceat. 

Cold  Mnding  without  fracture  to  an  angle  of                 60°  3£° 

Hot               „                    „                    „                          180*  ISO" 

The  thickness  should  in  no  case  be  less  than — 


'  "  9000'  ^*"  *'*^'  P'»tes. 

It  is  recommended  that  plain  furnaces  should  be  divided  into  rings 
of  Bucb  a  length  that  the  thickness  of  plates  may  not  exceed  g  inclu 
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When  the  tops  of  farnaoea  in  vertical  boilers  are  portions  of  spheres, 
the  thickness  most  not  b«  less  than  : — 

Pr 

'9000  ■* 


;  +  -16  for  iroa  pistes,   or  i  —  gj™  +  '15  for  steel  plates. 


COBBDOATID  AITD  BIBBBD   FDBNACEa. 

Tb«  pUte  thickness  is  to  be  found  by  the  following  formolv : — 

1.  For  oorrasated  farnaces — 

^       1259  * 
Whore  P  ■■  working  pressure  in  lbs.  per  square  inch. 
T  B  thickness  of  piste  in  sixteenths  of  an  inch. 

D  ~  outside  diameter  in  inches  meaanred  on  the  top  of  the  cor- 
rugations. 
The  formula  applies  to  oorrugations  6  inches  long  and  1}  inch  deep. 

2.  For  ribbed  furnaces,  when  manufactured  to  the  satisfaction  of  the 
Administration — 

T--£H  +  2. 
1160 

Where  F  and  T  are  as  above. 

D  =  outside  diameter  of  pUtin  parti  between  the  ribs  in  inches.  The 
formula  applies  to  ribs  spaced  9  inches  and  projecting  If 
iuch,  the  diiTerence  between  the  greatest  and  the  smallest 
diameters  in  any  part  of  the  furnace  not  exceeding  i^ns- 

3.  For  bulb  furnaces — 

T  =  ^^2 
1259 

Where  D  is  the  outside  diameter  in  inches  measured  between  the  bulba 

The  coefficients  in  the  above  formula  apply  to  the  case  where  the  tensile 
strength  of  the  material  is  26  to  30  tons  per  square  inch.  When  it  ia 
below  26  tons  the  coefficient  is  to  be  reduced  ^'^  for  each  ton  below  26. 

Combtution  Chamher  Qirders, 
The  strength  of  girders  on  the  tops  of  combustion  chambers  shall  be 
determined  as  follows: — 

P  CcPf 

(W  -  p)  D  L" 
Where  P  —  working  pressure. 

0  »  a  oonstant  found  as  under 
N  ->  nninber  of  bolts  in  each  girder, 
d  ■>  depth  of  girder  in  inches. 
t  —  thickness  of  girder  in  inches. 

£  —  pitch  of  bolts  in  girder  in  inches. 
=  length  of  girder  between  supports  in  inches 
D  —  distance  between  girders,  centre  to  centre,  in  inches. 
.    W  —  width  of  firebox,  from  tube  plate  to  back  plate,  in  inches. 
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1.  For  iron  girden — 

O  —  —5= ;-  for  odd  nnmbers  of  bolts. 

N  +  1 

U  =  '  for  even  numbers  of  bolts. 

2.  For  steel  girden — 

0,  as  formed  above,  maj  be  increased  10  per  cent. 

OKNERAL  AS  TO   BOILBB  ABBANOBHENTB   AND  FITTINQS. 

When  two  or  more  boilers  are  fitted,  the^  should  be  arranged  to  work 
Beparatelj  or  independently  of  each  other,  either  by  stop-valvee  between 
the  boilers  and  the  common  superheater,  or  bj  stop-valves  between  the 
separate  saperbeatera  and  the  main  steam  pipes. 

Each  boiler  must  be  fitted  with  a  separate  pressure  gauge.  Doable- 
ended  boilers  to  have  a  pressure  gauge  at  each  end. 

Steam  pipes  of  donkey  engines  must  be  independent  of  the  main  pipes, 
so  as  to  keep  the  steam  off  the  main  engines  when  only  winches  or  other 
auxiliary  engines  are  working. 

The  bottom  blow-off  to  be  arranged  with  one  cock  directly  attached  to 
the  shell  of  the  boiler,  and  another  directly  attached  to  the  skin  of  the 
vessel.  The  surface  blow-off  must  be  similarly  arranged.  The  main  stop- 
valve  to  be  ao  situated  and  fitted  that  it  can  be  worked  from  the  starting 
platform  or  the  stokehole  floor. 

To  protect  the  plating,  the  cocks  on  the  ship's  bottom  should  be  fitted 
with  spigots  passing  through  the  plating  and  through  a  fiange  on  the 
outside.     If  this  flange  is  of  iron  it  rouet  be  galvanised. 

Steam  domes  or  saperheatere,  when  placed  in  the  uptake  and  exposed  to 
the  direct  impact  of  tbe  flame,  will  only  be  allowed  as  an  exception,  and 
must  be  e£Sciently  protected  by  flame  plates.  In  all  cases  it  must  be  possible 
toexamineefficienttythe  interiorand  theezterior  of  the  domes  orsuperheaters. 

To  prevent  the  boilers  shifting  in  a  transverse  direction  through  the 
rolling  of  the  vessel,  or  longitudinally  in  case  of  collision,  they  must  be 
properly  secured  in  their  seals. 

All  manholes  to  be  fitted  with  oompensating  rings. 

At  least  two  safety-valves  of  an  approved  design  must  be  fitted  to  each 
main  boiler. 

Their  total  area  is  given  by  the  following  formula : — 

A  =  ^,     '■'        . 

i/{P  -  i8)» 

Where  A  =  sectional  area  of  safety-valve  in  square  inches  per  square  foot 
of  grate  surface. 
F  —  working  pressure  of  boiler  in  lbs.  per  square  inch. 

When  forced  draught  is  provided  for,  the  area  is  to  be  increased  in 
proportion  to  the  increased  evaporative  power  of  the  boilers. 

Suitable  arrangements  and  gear  to  be  fitted  in  connection  with  the 
safety-valves,  whereby  they  may  be  lifted  from  the  deck  as  well  as  from 
the  stoke-hole  floor. 

If  it  be  pructicable  to  isolate  a  superheater  communicating  aimul- 
taneously  with  two  or  more  boilers,  it  will  be  necessary  to  foriusli  it 
Tith  a  safety-valve  of  suitable  dimensions. 
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APPENDIX  H. 
Adhiraltt  Rdlbb  fob  Stbel  BoiLiBS  ADD  Hatsrials  avd 

TBEtR  TkSIB. 

Admiraltv  rule  for  working  premure  providea  that  the  water- presnre 
test  shall  not  exceed -J- of  the  altimate  strength  of  the  shell,  ora  bctorof 
safety  of  2^,  when  subjected  to  water  test  pressure,  and  the  working  steam 
pressure  is  fixed  at  90  lbs.  below  the  test  pressure,  which  is  call^  their 
"constant  margin"  of  safety  far  all  pressures. 

SOPERVIBIOM   OP  BOILIB  WORK. 

The  following  instructions  to  boiler-maker  orerseers  are  those  usually 
given  in  Admir^ty  specification : — 

The  boilers  will  be  subject  to  the  supervision  of  an  overseer,  who  will 
be  directed  to  attend  on  the  premises  of  the  contractors  during  tbe  progress 
of  the  work  on  the  boilers,  to  examine  the  material  und  workmanship  used 
in  their  construction,  to  witness  the  prescribed  tests,  and  to  see  that  this 
specification,  as  regards  the  boilers  snd  work  in  oonnection,  is  conformed  to 
in  all  respects  by  the  contractors.  The  extent  of  supervision  is  described  in 
the  following  pnrsgraphs  extracted  from  Admiralty  instmctions  to  over- 
seers, and  the  contractors  are  to  afford  him  every  lacility  for  Uieir  proper 
execution. 

The  plates  and  other  material  used  in  the  construction  of  the  boilers  to 
be  subjected  to  such  tests  as  may  be  directed  in  the  specification.  Every 
plate  used  is  to  be  carefully  examined  by  the  overseer  for  laminations, 
blisters,  veins,  and  other  defects,  and  to  ensure  that  it  is  of  the  proper 
thickness  and  brand.  No  plate,  angle,  &c.,  which  from  any  canse  is  con- 
sidered by  the  overseer  to  be  unfit  for  the  intended  use  is  to  be  fitted. 

During  the  construction  of  the  various  parts  of  the  boilers,  the  overseer 
is  to  satisfy  himself  that  the  dimensions  as  shown  on  the  approved  drawings 
are  being  adhered  to  by  the  oontractora. 

Whenever  plates  are  flanged  or  welded,  or  in  any  case  where  iron  or 
steel  is  worked  in  such  manner  that  it  is  particularly  liable  to  suffer  in 
strength  unless  carefully  handled,  the  overseer  is  to  be  present  if  possible 
on  all  occasions  during  the  time  the  work  on  each  article  is  in  progress,  and 
he  is  to  fully  satisfy  himself  that  it  is  sound  before  he  allows  any  part  to  be 
put  in  the  boilers. 

Samples  of  the  rivets  being  used  for  the  boilers  are  to  be  taken  by  the 
overseer  during  the  progress  of  the  work  and  tested  as  specified  hwoaftor, 
and  any  batches  of  rivets  found  defective  are  to  be  rejected.  Before  rivets 
are  put  in,  the  overseer  is  to  see  that  the  plates  are  brought  properly 
together,  and  that  the  boles  are  fair  with  one  another.  He  is  not  to  allow 
drifting  on  any  account,  but  he  is  to  see  that  they  are  carefully  rimmed  fair 
where  necessary.  He  is  also  to  make  sure  during  the  prcwress  of  the  work 
that  the  rivets  fill  the  holes  completely,  and  that  the  beai&  are  properly  set 
up,  well  formed,  and  finished. 
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The  overseer  ia  to  see  that  all  internal  parts  of  the  boiler  are  riveted  with 
rivets  having  heads  and  points  of  approved  shape,  and  that  any  seams  he 
considers  necessary  are  riveted  on  the  fire  side.  No  snap  lieads  are  to  be 
allowed  in  the  internal  parts.  Any  proposal  for  hydraulic  riveting  the 
internal  parts  is  to  be  submitted  to  the  Admiralty,  with  sketch  of  the 
proposed  heads  and  points.  In  all  parts  where  the  rivets  are  not  closed  by 
hydranlic  riveting  machinery  ho  is  to  see  that  the  rivet  holes  are  counter- 
sunk and  that  coned  rivets  are  used.  All  holes  in  the  plates,  angles,  ^, 
Rre  to  be  drilled,  nnd  not  punched,  and  are  to  bo  drilled  in  place  after 
bending.  The  clearance  between  rivet  hole  and  rivet  before  closing  is  not 
to  be  grester  than  approved  by  the  overseer, 

The  overseer  will  see  that  the  particulars  of  the  form,  dimeasions,  and 
pitch  of  the  various  stays  shown  on  the  drawings  are  adhered  to,  and 
samples  of  them  are  to  be  tested  as  directed  in  this  speci  Scat  ion ;  and  he 
will  be  guided  by  his  experience  as  a  workman  in  testing  and  judging  of  the 
soundness  of  the  forging  and  construction  of  the  various  stays. 

He  is  to  see  that  palm  stays,  if  fitted,  are  forged  from  the  solid  and  not 
welded,  that  all  short  stays  are  nutted  on  all  flat  surfsoes  except  where 
otherwise  approved  and  screwed  to  a  pitch  of  twelve  threads  per  inch  for 
atays  of  1  inch  diameter  and  above,  that  the  holes  for  the  screwed  stays  in 
the  water  spaces  are  drilled  and  tapped  together  after  the  furnaces  and 
combustion  chambers  have  been  riveted  in  place  in  the  boiler,  that  the 
combustion  chamber  stays  are  drilled  square  to  the  bevel  of  the  combustion 
chamber  plates,  and  that  no  bevel  washers  are  inside  the  chamber.  Any 
girder  stays  used  for  combustion  chambers  are  to  be  well  bedded  on  to  the 
tube  plates  to  the  satisfaction  of  the  overseer. 

The  overseer  is  to  see  that  the  arrangement  of  the  zinc  plates  shown  on 
the  approved  drawings  is  adhered  to,  that  the  metallic  surfaces  in  contact 
are  hied  bright,  and  that  means  are  adopted  to  secure  a  firm  grip  of  the 
clips  by  which  tiie  plates  are  attached. 

The  overseer  is  to  witness  the  testing,  in  all  cases,  of  the  boiler  tubes, 
in  accordance  with  this  specification,  before  they  are  pnt  in  the  boiler. 

When  the  boilers  are  reported  to  the  overseer  by  the  contractors  as 
being  oompleled,  ready  for  testing  by  water  pressure,  the  overseer  is  to 
witness  a  preliminary  test  of  them  in  accordance  with  the  specification, 
carefully  observing  with  the  assistance  of  gauges,  and  straight  edges 
whether  any  bulging  or  deflection  of  the  plates  has  taken  place. 

The  official  test  will  be  conducted  on  all  occasions  in  the  presence  of  an 
inspecting  officer,  A  test  pressure  gange  is  supplied  to  the  overseer  from 
the  Admiralty,  and  the  official  test  is  to  be  made  with  this  gauge. 

After  the  boilers  have  been  tested  by  water  pressure  the  overseer  is  to 
see  that  they  are  properly  cleaned  inside  and  outside,  and  then  well  painted 
with  red  lead.  It  is  important  that  the  whole  surface  of  the  boilers 
should  be  thoroogfaly  cleansed  of  scale  formed  in  manufacture  before 
any  paint  is  put  on  them.  The  bailers  are  not  to  he  exposed  to  the 
weather  till  they  are  so  painted,  and  properly  cleaned  and  closed  up  to  his 
satisfaction. 

The  overseer  is  to  make  himself  fully  acquainted  with  the  progress  of 
the  whole  of  the  work  in  its  various  stages,  to  satisfy  himself  that  every 
part  is  sound  before  it  is  allowed  to  be  put  in  the  boilers,  and  to  see  that 
the  following  iastmctions  for  the  treatment  of  mild  steel  are  strictly  com- 
plied with. 
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1)UALITt  Of   AKD  TBtm  FOB   HATKELALS. 

(a)  Ste«t  ff&neraUj/. 

QMUtjcA         All  st«el  UBod  tbroaghout  the  whole  of  the  work  is  to  be  of 
quftUty  to  be  approved  by  the  Admiralty.     The  names  of  the  firms 
from  whom  it  ia  proposed  to  obtain  this  material  are  to  be  sob- 
mitted  for  approvaJ  before  the  order  is  placed.    The  quality  and 
makers'  names  of  all  steel  are  to  be  marked  on  all  drawings  sent  to 
the  Admiralty. 
SoudiMiita        All  steel  forgings  are  to  be  made  from  solid  ingots,  and  test 
iorlOT^^  pieces  from  each  important  completed  forging  will  be  subject  to 
the  tests  for  steel  enumerated   below,  and  &cilities  ar«  to  be 
afforded,  by  a  proper  system  of  numbering  and  registering  the 
ingots,  to  enable  the  origin  of  any  forging  to  be  ascertained. 
TtrtlDfin  The  whole  of  the  temper  and  bending  testa  for  furnace  and 

J^^^jJ*  other  plates  exposed  to  flame,  also  those  for  the  important  csstinga 
oOoa**,  ac  and  forgings,  and  not  less  than  10  per  cent,  of  all  the  other  testa 
enumerated,  are  to  be  made  in  the  presence  and  to  the  aatis&ction 
of  the  Admiralty  officers.  These  tests  are  intended  to  facilitate 
supply,  bnt  ore  not  to  preclude  examlDatioa  at  the  machinery  con- 
tractors' works,  aod  rejection  of  any  plates  or  castings  found  defective 
after  delivery.  The  tensile  strength  and  elongation  per  cent,  are 
to  be  stamped  on  each  plate. 
CofitMof  Copies  of  the  invoices  upon  which  the  plates,  bars,  angles,  tivets, 

^'ntniM  '^J''  tibes,  Ac,  for  the  boilers  have  been  received,  with  the  names 
««  '  of  the  manufacturers  of  the  material  and  their  tests,  are  to  be  sup- 

plied to  the  boiler  overseer  for  his  use  in  accepting  them.  When 
any  orders  are  placed  with  steel  makers,  copies  of  the  orders  show- 
ing the  particular  purpose  of  the  materials  should  be  sent  to  the 
Admiralty  overseer,  with  a  copy  of  the  specified  tests. 

(6)  Plate,  Angh,  and  Bar  Ste«l,_  for  Boilers  and  any  Sted 
Steam  Pipes. 

T«rt«lor  Every  plate,  Ac,  used  is  to  be  tested  as  follows: — Strips  cut 

■M«i  p  ita,  ]gQgt^ff  jgg  QY  crosswise  are  to  have  an  ultimate  tensile  strength 

T«iiiil«t«t.  per  Bquu«  inch  of  section  as  follows: — (1)  Plates,  &c.,  not  exposed 

to  Same,  not  less  than  27  tons,  and  not  exceeding  30  tons ;  (3) 

lower  front  plates  not  loss  than  25  tons,  and  not  exceeding  28  tons; 

(3^  furnace  plates  not  exceeding  2I>  tons,  and  not  less  than  23  tons; 

(4)  fire-box  and  other  plates  exposed  bo  flame  not  exceeding  36 

tons,  and  not  less  than  24  tons.    The  elongation  taken  on  a  length 

of  8  inches,  roust  be  at  least  20  per  cent,  for  strips  from  shell  and 

ether  plates  which  ore  not  exposed  to  flame  and  which  will  not  be 

flanged,  and  at  least  25  per  cent,  for  plates  which  are  not  expoeed 

to  flame  and  which  will  be  flanged,  at  leaat  27  per  cent,  for  strips 

from  the  furnaces,  and  at  least  26  per  cent,  for  strips  from  fire-box 

and  other  plates  exposed  to  flame.     Edge  shearings,  to  bring  plates 

to  proper  dimensions,  are  to  be  equal  on  opposite  sides. 

TtmpBt  Strips  cut   lengthwise   or  crosBwise,    1^  inches   wide,  heated 

**"■■  uniformly  to  a  low  cherry  red,  and  cooled  in  water  of  82*  Fahren- 
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belt,  moat  sUod  bending  double  ia  k  press  to  a  carve  or  which  the 
inner  radius  ia  oae  and  a-h&lf  times  the  thickness  of  the  steel 
tested. 

The  plates  for  furnaces  and  other  parts  exposed  to  flame  are,  in  wndiutuid 
addition,  to  be  tested  by  welding  and  foiling,  and  some  of  the  (^^u***" 
welded  pieces  are  to  be  broken  in  the  testing  machine  to  ascertain  J^**'  *" 
the  efficiency  of  the  welding. 

The  pieces  cut  out  for  testing  are  all  to  be  cut  in  a  planing  XMtpisDM. 
machine,  to  have  the  sharp  edges  removed,  and  arc  to  be  of  parallel 
width  for  at  least  8  inches  of  length. 

The  angle,  tee,  and  bar  steel  are  to  stand  such  other  forge  testa,  vorgadttut 
both  hot  and  cold,  as  may  be  sufficient,  in  the  opinion  of  the  ^*°l^'"'*^' 
overseer,  to  prove  tiie  eoandnesa  of  the  material  and  fitness  for  the 
service  intended. 

The  furnaces  are  to  be  subjected  to  a  hammering  test  if  required  ^jonwtns 
before  the  machinery  is  accepted.    The  test  is  to  be  carried  out  in 
accordance  with  Admiralty  practice. 

(c)  Sled  RivsU  for  BoiUrt. 

The  whole  of  the  rivets  are  to  be  properly  heated  in  making,  uuiotu. 
and  care  is  to  be  taken  that  the  finished  rivete  cool  gradually.  ^°^' 

The  rivet«  are  to  be  made  from  steel  bars,  the  ultimate  tensile  lauuewtt 
strength  of  which  should  not  be  leas  than  25  tons,  and  should  not 
exceed  27  tons  per  square  inch,  with  a  minimum  elongation  of  25 
per  cent,  in  a  length  of  8  inches. 

Pieces  cut  from  the  bars,  heated  uuiformly  to  a  low  cherry  red,  Tanpn 
and  cooled  in  water  of  82°  Fahrenheit,  must  stand  bending  double  ^**' 
in  a  press  to  a  curve  of  which  the  inner  diameter  is  equal  to  the 
diameter  of  the  bar  tested. 

Samples  from  each  batch  of  rivete  are  to  be  selected  and  are  to  n'ors'twu. 
stand  the  following  forge  tests  satisfactorily  without  fracture : — 
The  rivet  to  be  bent  double,  cold,  to  a  curve  of  which  the  inner 
diameter  ia  equal  to  the  diameter  of  the  rivet  tested  ;  the  rivet  to 
he  bent  double  when  hot,  and  hammered  till  the  two  parte  of  the 
shank  touch ;  the  head  to  be  flattened  when  hot,  without  cracking 
at  the  edges,  till  its  diameter  is  two  and  a-lialf  tlmea  the  diameter 
of  the  ahank.  Finally,  the  shank  of  a  rivet  is  to  be  nicked  on  one 
Bide,  and  bent  over  to  ahow  the  quality  of  the  metal. 

(d)  Soil^  Tidies. 

The  tubea  are  to  be  made  from  acid  or  basic  "open  hearth "  fiaiier 
steel.  Strips  cut  from  the  tubes  must  have  a  tensile  strength  not  t"*"*- 
exceeding  25  tons  and  not  less  than  21  tons  per  square  inch,  with 
an  extension  of  at  least  26  per  cent,  in  a  length  of  8  inches.  Strips 
cut  from  the  tubes  flattened,  heated  to  a  blood  heat  and  plunged 
into  water  82°  Fahrenheit  temperature,  should  be  capable  of  being 
doubled  over  a  radius  of  ^  inch  without  fracture.  Pieces  2  inches 
long,  out  from  the  ends  of  tubes  under  ^  inch  thick  are  to  be 
capable,  when  cold,  of  being  hammered  down  endwise  until  their 
length  is  reduced  to  1^  inch,  and  of  being  flattened  until  the  sidei 
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are  close  together  in  each  can  withoat  frBctnre.  The  ends  of  tba 
tnbos  under  ^V  inch  thick  are  to  admit  of  being  expanded  cold  by 
a  roller  eipander,  vorked  in  a  tube  hole  to  an  increase  of  diameter 
of  15  per  cent.,  and  hot  by  a  solid  drift  to  an  increase  of  diameter 
of  20  per  oent.  Tabes  -^  inch  and  orer  in  thickness  are  to  admit 
of  being  expanded  hot  and  cold  to  half  the  increases  of  diameter 
required  for  tubes  under  A  inch  thick.  The  above  tests  are  to  be 
applied  to  3  per  cent,  of  the  tnbes,  to  be  selected  by  the  examining 
officers.  The  failure  of  the  tnbM  selected  to  stand  the  specified 
tests  in  a  satisfactory  manner  may  render  the  whole  of  any  delivery 
liable  to  rejection. 
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APPENDIX   I. 

German  Govbbnmrnt  Bulbs  fob  Boilbrb. 

beoulatioms  bespbctlna  btbam  boilers. 

1.  Plating  of  Boilert. — When  the  anialleat  dimensions  of  a  cylindrical 
boiler  exceeds  25  centimetres,  or  of  a  spherioal-Bliaped  boiler  30  centimetres, 
the  portions  of  the  boiler  exposed  to  the  flame,  fiirniweB,  nnd  tubes  shall  not 
be  made  of  cast  iron. 

Brass  (copper)  plates  are  only  to  be  used  for  furnsces  where  their 
smallest  dimension  does  not  exceed  10  centimetres. 

2.  Pwnaoei,  Flua,  and  Combuttion  Chambers. — Flues  running  round  or 
through  steam  boilers  must,  at  their  highest  point,  be  at  least  10  centimetres 
below  the  minimum  water  level.  This  minimum  level  must,  in  lake  and 
river  vesaele,  be  maintained  when  the  vessel  is  inclined  at  an  angle  of  4', 
and  for  seft-goicg  ships  at  an  angle  of  8°.  In  boilers  with  a  breadth  of  1  to 
2  metres,  the  distance  to  the  water  level  must  be  at  least  15  centimetres, 
and  in  boilers  of  greater  breadth  at  least  26  centimetres. 

These  conditions  do  not  apply  to  boilers  in  which  the  tubes  are  less  than 
10  centimetres  diameter,  nor  to  those  wherein  the  portions  of  the  plates  in 
contact  with  steam  are  not  liable  to  become  red  hot.  The  risk  of  plates 
becoming  red  hot  may  be  assumed  to  be  done  away  with  if  the  heating  sur- 
face exposed  to  the  flame,  before  the  flame  reaches  tbe  point  in  question,  is, 
with  natural  draught  20  times  and  with  forced  draught  40  times,  greater 
than  tbe  area  of  the  grate.  The  highest  point  in  marine  boiler  flues,  &c.,  is 
the  upper  sur&ce  of  the  plates  in  question. 

3.  Feed  Apparatus. — -Each  boiler  must  have  a  feed  valve  which  will  close 
by  boiler  pressure  when  tbe  feed  is  oft  Where  only  one  feed  check-valve 
is  provided  shut^ff  valves  must  be  fitted  in  the  feed  delivery  pipes. 

4.  Each  boiler  must  be  fitted  with  two  independent  feed  apparatus,  each 
worked  separately,  and  each  to  be  capable,  by  itself,  of  keeping  the  boiler 
supplied.  Sever^  boilers  connected  together  and  used  for  the  same  purpose 
may,  in  this  respect,  be  regarded  aa  one  boiler.  Each  feed  apparatus  to  be 
capable  of  delivering  30  litres  of  water  per  square  metre  of  beating  surface 

Eer  hour.  Apparatus  for  boilers  worked  under  forced  draught,  or  having 
eating  surface  less  than  35  times  the  grate  area,  must  be  proportionately 
larger.  Each  feed  apparatus  must  have  an.  independent  auction  pipe,  or 
else  a  suitable  arrangemeut  of  switch  shut-off  valves  must  be  fitted.  An 
auxiliary  feed  apparatus  for  a  main  boiler  may  be  used  for  feeding  a  donkey 
boiler  if  there  are  independent  delivery  pipes,  or  if  suitable  switch  shut-off 
valves  are  provided.  If  an  injector  is  used  for  auxiliary  feed  purposes  it 
must  be  capable  of  working  satisfactorily  with  both  high  and  low  pressure 
Steam  ;  if  it  will  not  so  work,  some  other  provision  mast  be  made  for  use 
when  pressure  is  low.  Where  a  main  boiler  is  used  for  driving  winches  in 
port,  the  main  engine  feed  pumps  will  not  be  reckoned  as  a  secondary  feed 
apparatus.     If  supplementary  feed  arrangements,  beyond  those  required  by 
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the  regalations,  are  provided,  the  piping  for  them  must  either  be  ind»- 
pendeot  of  tb&t  belongiog  to  the  regulation  apparatns,  or  muBt  be  capable 
of  being  shut  off  from  the  latter  hj  valvea.  Bach  main  feed-pamp  most  be 
fitted  witb  an  escape  valve  that  cannot  be  shat  off  from  the  pump. 

5.  Water  Oauget. — Each  boiler  must  be  fitted  with  a  gauge  glass,  and 
alto  widi  a  secoad  means  of  ascertaining  the  height  of  the  water.  Each  of 
these  fittings  must  have  a  separate  connection  to  the  boiler,  or  if  they  have 
u  common  connection,  th«  stand  pipe  must  be  at  least  60  square  centimetres 
in  area,  or  88  millimetres  in  diameter.  Pipes  for  oonnecting  water  ganges 
to  boilers  must  not  be  less  than  16  centimetres  in  area,  or,  say,  46  millimetres 
in  diameter.  Long  or  much  bent  pipes  must  be  larger  in  proportion. 
Internal  oonuecling  pipes  must  not  be  used,  but  two  pipes  may  be  led  to 
one  opening  in  the  plating,  provided  the  area  of  opening  be  made  equal  to 
the  combined  areas  of  the  pipes.  Gauge  glasses  are  to  be  placed  so  as  to  be 
easily  visible.  The  mark  indicating  lowest  water  level  should  not  be  higher 
than  half-glass,  and  the  mark  showing  highest  point  of  beating  surface 
should  be  above  upper  edge  of  lower  nut  which  secures  glass.  The  cocks 
must  be  easy  to  open  and  shut,  and  it  must  be  possible  to  replace  a  broken 
glass  without  risk  to  the  operator. 

6.  Water  test  cocks  to  be  fitted  :  the  lowest  one  must  be  placed  at  the 
level  of  the  regulation  water-line.  All  gauge  tmcks  must  be  so  fitted  as  to 
have  a  straight  way  through  for  cleaning  them  from  scale  or  salt.  Spindle 
valves  must  not  be  used. 

7.  Water  Level. — The  regulation  lowest  water  level  is  to  be  distinctly 
marked  on  the  gauge  glass,  and  also  in  a  prominent  place  on  the  boiler 
shell.  The  level  of  the  flue,  at  its  highest  point,  is  also  to  be  plainly  and 
permanently  marked  on  the  shell  of  the  boiler  in  way  of  the  ships  beun. 

Two  water-gauge  glasses  are  to  be  fitted  on  the  boiler  at  the  standard 
level  of  the  water  when  the  vessel  is  inclined  as  above,  one  on  each  side  of 
the  boiler,  as  far  apart  as  possible,  and  symmetrically  placed  right  and  left 
of  ceutre  line  of  boiler. 

When  these  two  gauge  glasses  are  fitted,  the  additional  means  named  in 
Rule  6,  for  ascertaining  the  water  level,  may  be  dispensed  with. 

The  marks  indicating  lowest  water  level  are  to  be  not  less  than  6  centi- 
metres long,  and  are  to  be  cut  into  the  plating  near  to  the  water  gangea. 
They  are  also  to  be  distinguished  by  having  the  letters  If.  W.  stamped  on 
them.  They  must  be  on  before  the  inspection  of  the  boiler  is  made,  and 
must  be  visible  after  it  is  lagged.  Where  water  gauges  of  main  boilers  of 
river  steamers  and  barges  and  of  donkey  Iwilers  are  direct  on  the  boiler 
shell,  a  plate  must  be  fitted  at  the  lowest  water  -  level  mark  with 
"  Niedrigster  Wasserstand "  on  it,  and  an  arrow  pointing  to  the  glass. 
Where  water  gauges  are  oonnected  to  boilers  by  pipes  (as  must  be  the 
arrangements  in  all  sea-going  steamships)  a  similarly  marked  plate  is  to  be 
fixed  to  the  stand-pipe.  The  highest  point  of  the  heating  snrface  is  to  be 
indicated  as  follows  : — Where  the  water  gnoge  is  fitted  direct  to  the  boiler 
shell  a  plate  indicating  the  point  in  question,  and  marked  "  Hochst«r 
Feuer  beriihrter  Funkt,"  is  to  be  fixed  near  the  gauge.  Where  the  gauge  is 
coDuected  to  the  boiler  by  pipes  a  similar  plate  is  to  be  affixed  to  the  gauge 
standard.  These  plates  are  to  be  permanently  secured — not  with  removable 
screws. 

In  cases  where  the  fore  and  aft  trim  of  the  vessel  is  subject  to  considei^ 
able  variation,  the  minimum  water  level  (paragraph  2)  must  either  be  raised 
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10  oeatimetrea,  or  the  m&rk  iadicating  highest  point  of  heating  surface  must 
be  raised  a  similar  amount.  The  permanent  mark  showing  regul&tioa 
lowest  water  level  muit,  however,  correspond  with  the  particulars  given 
on  tbe  maker's  name-plate,  as  hereafter  specified. 

A  third  water  gauge  must  be  fitted  on  every  double-ended  boiler. 

8.  Saftty- Valves. — Each  boiler  must  be  fitted  with,  at  the  least,  one 
reliable  safety-valve. 

When  several  boilers  have  a  common  stMm  chest,  from  which  they 
canuot  be  separately  discouueoted,  two  safety-valves  will  be  sufficient. 

Boilers  of  steamships,  locomotives,  and  portable  engines  must  have  at 
least  two  safety-valves. 

In  steamships,  except  those  that  are  sea-going,  one  valve  is  to  be  placed 
in  snch  a  position  that  the  load  on  it  can  easily  be  ascertained  from  the 
deck. 

The  valves  must  be  so  arranged  that  they  can  be  readily  lifted  at  any 
time.  They  are  to  be  loaded  so  that  they  will  blow  off  immediately  tbe 
working  pressure  is  reached. 

Safety-valve  areas  must  be  such  that  after  firing  up  for  10  minutes  tbe 
pressure  does  not  accumulate  more  than  10  per  cent. 

Provided  that  the  spriugs  are  satisfactorily  fitted  and  loaded,  the  area  of 
safety-valves,  in  square  millimetres,  may  be  as  follows  for  each  square 
metre  of  heating  surface : — 


Area  in  square  milliinetres. 

131 

6 
112 

7 
98 

8 
86 

9 
79 

10 

72 

a 

66 

12 
60 

13 
C6 

14 
54 

16 
62 

16 
61 

For  boilers  worked  under  forced  draught,  or  in  which  the  beating  surface 
is  less  than  35  times  the  grate  surface,  the  safety-valve  areas  must  be 
correspond! Dgly  increased.  Safety-valve  boxes  must  be  fitted  with  drain 
pipes  that  cannot  be  shut  off.  The  waste  steam  pipes  from  all  safetj-valves 
must  blow  off  into  the  open  air.  Blowing  off  into  a  tank,  or  into  the 
chimney,  will  not  be  permitted.  The  thickness  of  the  washers  which 
determine  the  (impressions  of  the  safety-valve  springs  will  be  fixed  by  the 
Official  Surveyor  and  recorded  in  his  book,  and  no  alterations  must  be  made 
except  by  hia  authority.  Exception  is  made,  however  (by  the  regulations 
of  Idth  December,  1883),  in  the  case  of  long  voyages,  and  the  chief  engineer 
of  tbe  vessel  is  permitted  to  re-adjuat  the  washers  in  case  the  valves  blow  off 
too  freely.     To  meet  this  case  the  washers  may  be  fitted  in  halves. 

9.  Pressure  Oauge. — Each  boiler  must  have  a  reliable  pressure  gauge  on 
which  the  highest  regulation  working  pressure  is  to  be  plainly  marked. 

Boilers  of  steamships  must  have  two  pressure  gauges — one  clearly 
viuble  bo  tbe  fireman,  the  other,  except  when  the  vessel  is  sea-going,  in 
a  convenient  position  for  being  observed  from  the  deck.  If  a  vessel  has 
several  boilers  connected  to  a  common  steam  chest,  one  pressure  gauge  on 
deck  will  be  sufficient,  in  addition  to  the  one  on  each  boiler. 

Gauges  to  be  placed  where  they  can  easily  be  seen.  Dials  to  be  marktd 
in  kilogrammes  per  square  centimetre  (or  in  atmosphf^res,— -1  atmosphere 
equals  1  kilogramme  per  square  centimetre),  and  marking  must  go  up  to 
60  per  cent,  above  the  regulation  working  pressure.  In  vessels  having 
more  than  one  boiler,  one  pressure  gauge  (in  prominent  position  in  the 
engine  room),  in  addition  to  those  on  the  boilers,  will  suffice.     The  pipe  to 
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this  gKiige  mMt  b«  OMioected  to  kU  boilera,  bat  must  b«  capable  of  being 
■but  off  from  eacb. 

10.  Jfame  Plate  on  BoiUr. — (1)  Eaob  boiler  mnat  bare  the  bighest 
working  preasare,  tbe  maker's  nwne,  the  sbop  nnmber  of  the  boiler,  aad 
the  date  of  coropletioo,  plainly  and  permaneDtly  stamped  on  it.  Steam- 
■hipa,  moreoTer,  mait  also  have  the  standard  lowest  water  level  marked  on. 

(2)  Boilers  that  bare  already  been  oonatmcted,  at  tbe  date  of  tliese 
regalationa,  are  not  required  to  be  altered  to  comply  with  tbem. 

(3)  Tbe  regulations  for  boilers  of  steamahips  apply  in  all  cases  in  which 
boiler*  are  permanently  fixed  in,  or  connected  with,  tbe  Teasel. 

Tbe  address  of  tbe  maker  mast  be  given  as  well  as  his  name. 

lOo.  These  particalars  mast  be  stamped  on  a  metal  plate,  which  is  to  be 
fixed  on  the  boiler  by  oopper  riTeta,  the  beads  of  which  are  to  be  not  less 
than  12  millimetres  in  diameter.  The  plate  to  be  in  such  a  position  that  it 
is  easily  visible  when  there  are  casinga  on  the  boiler. 

11.  Tttting  of  BoUert. — Every  new  boiler  must,  on  completion,  be  tested 
by  water  pressure. 

The  test  pressure  for  boilers  intended  for  a  working  preaanre  of  not 
more  than  5  atmospheres  to  be  doable  the  working  pressure,  and  for  boilera 
intended  for  a  working  presaure  of  more  than  5 
atmospheres,  tbe  test  pressure  ia  to  be  5  atmos- 
pheres above  the  working  pressure. 

For  boilera  where  the  working  pressure  is 
under  atmospheric  pressure,  the  teat  pressare  ia 
to  be  I  kilogramme  per  aqoare  centimetre.  Tbe 
plates  of  tbe  boiler  must  withstand  tbe  test 
pressare  without  showing  any  permanent  change 
of  form,  snd  must  also  remain  tight  under  tbe 
pressure. 

The  boiler  is  to  be  regarded  as  leaky,  if  the 
water  at  tbe  highest  pressure  leaks  through  in 
other  forms  than  dewy  moisture  or  pearly  drops, 
llo.  When  the  boilers  have  been  tested  and 
found  satisfactory,  the  copper  rivets  which  fix 
the  brass  plate  are  to  be  officially  stamped,  and 
an  impression  of  this  mark  is  to  be  inserted  on 
the  certificate  of  test. 

12.  When  boilers  have  undergone  a  thorough 
Flg-i-  repair  in  the  boiler  shop,  or  when  they  have  bad 

to  be  stripped  and  extensively  repaired  on  board, 
they  must  be  tested  by  hydraulic  preaaure  the  same  as  new  boilers. 

When  in  boilers  with  internal  furnace,  the  famace  has  been  taken  oat 
to  repair  or  renew,  and  when  in  locomotives  tbe  fire-box  has  been  taken 
out  to  repair  or  renew,  or  when  in  cylindrical  boilers  one  or  more  platea 
have  been  renewed,  the  boilera  must,  on  completion  of  such  repairs,  be 
tested  by  hydraulic  pressure  as  above. 

When  a  boiler  has  undergone  considerable  repairs  the  steam  pressure  to 
be  allowed  must  be  determined  afresh. 

13.  Tett  Gauge. — The  test  pressure  is  to  be  restored  by  an  open 
meronrial  gauge,  or  by  tbe  standard  pressure  gauge  provided  by  the 
insp«*cting  ofHciat. 

Bach  boiler  to  be  tested  must  be  fitted  with  a  connection  to  suit  tbe 
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standard  gftngf,  and  hj  which  the  gauge  maj  be  applied  by  the  inspecting 
officer. 

To  facilitate  application  of  official  test  gange,  a  flanged  branch  la  to  be 
provided  immediately  below  the  nsual  pressure  gange.  The  opening  in  the 
flange  and  cock  must  not  be  less  than  7  uiillimetres,  the  length  of  the 
branch  must  be  60  millimetres,  and  its  breadth  26  millimetrea.  Form  to 
be  aa  shown  in  sketch. 


BDLKB   FOR  STRENGTH   OP   BOILERS. 

Hth  Augvtt,  1890. 
The  qaantities  are  expressed  in  centimetres  and  kilogramtnea : — 
(1  kilo,  per  eq.  cm.  =  1  atm.  ■•  14-323  lbs.  per  sq.  in  English). 
Formntn  for  thickneas  of  shell  plate  and  working  pressure  : — 


S  > 


:  2T 


Working  pressure 
Thickness  of  plate  : 


highest  steam  pressure  (kilos,  per  sq.  cm.). 

lowest  tensile  strength  of  material. 

thickness  of  shell  plate. 

greatest  internal  diameter  of  boiler. 

475  when  rivet  holes  in  longitudinal  seams  are  drilled 

and  rivets  closed  by  hydraulic  pressure. 
4'5  when  longitudinal  senms  are  double  strapped  and  have 

holes  drilled  and  rivets  closed  by  hydraulic  pressure. 
Pitch  —  Diameter  of  rivet 


x09>< 


Fitch 
_  Area  of  rivet  x  No.  of  rivets  in  pitch  x 

'  pitch  K  thickness  of  plate 

w.  _  f  1  for  lap  and  single  riveted  butt  joints, 

ere  «  -  ■J2  {„  double  riveted,  Ac,,  butt  joints. 

S,  =  Tensile  strength  of  rivet  material.  tJnlesa  actual  test  has 
been  made,  this  is  to  be  taken  as  3300  for  iron,  and 
3800  for  steel;  but  it  mast  not  exceed  4800  kilos,  per 
sq.  cm.  in  any  case. 

The  lower  of  these  two  values  of  R  must  be  used. 

S  is  to  be  taken  as  3300  for  iron ;  for  steel  the  lowest  value  given  by 
the  tests  is  to  be  used,  but  this  must  not  exceed  5000  kilos,  per  sq.  cm., 
and  the  material  must  show  an  elongation  of  at  least  20  per  cent,  in  a 
length  of  20  centimetres.  Steel  of  higher  tensile  strength  may  only  be 
used  under  specially  arranged  conditions  as  to  tests,  &c. 

In  riveted  joints  the  shearing  strength  of  the  rivets  must  not  be  less 
than  the  tensile  strength  of  the  plate  left  between  holes. 

Butt^straps  are  to  be  of  the  same  quality  as  the  shell  plates,  and  of  not 
less  than  76  per  cent,  of  their  thickness. 
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In  boilers  wilbont  a  oentnl  oircamrerentikl  seam  the  ontaide  butt-strap 
most  not  be  thinner  than  the  shell  plate.  If  the  shell  plates  are  thicker 
than  1*26  centimetres,  the  oeatral  ciraamferential  seam  must  be  double 
riveted,  and  if  they  are  2'S  oentimetres  or  more  it  must  be  treble  riveted. 

Rivet  boles  must  be  at  least  one  diameter  of  rivet  from  edge  of  plate. 
Diameter  of  rivet  hole  must  not  be  less  than  thickness  of  plate,  or  more 
than  3  x  thickness  of  plate,  the  former  limit  to  applj  to  thick  platea  and 
the  latter  to  tbin  ones. 

Diagonal  pitch  must  not  be  less  than  3*1  x  diameter  of  rivet. 

iStetion  3. — Cylindrieal  F^maeea. 
The  thickneu  of  plate  for  cylindrical  furnaces  is  given  bj  the  formnli^— 
Thickness  =  K  ^  x  L  x  D  +  0-2  cm. 

Where  P  —  working  pressure  (kilos,  per  sq.  cm.), 

L  s  length  between  stiffenera  (centimetres). 
D  —  exteriuU  diameter  of  furnaoe  (centimetres). 
K  -  0-0033  when  the  longitudinal  joints  are  welded  and  fitted 
with    donble    butt-straps,    and    the    furnace    is    tmly 
cjlindrical. 
K  —  0'0036  when  the  longitudinal  joints  are  lapped  only. 
The  thickness  of  plate  must  not,  in  an;  case,  be  less  than  that  given  by 
the  formula — 

Thickness  =■  --^ —  +  0-2  cm. 

Wherein  0  —  670  for  plain  furnaces  without  Adamson  rings  or  other 
stifle  ners. 
C  =  820  for  furnaces  with  one  Adamson  ring,  when  the  un- 
supported distance  between  the  ring  and  the  ends  is 
not  more  than  122  cm. 
0  =  920  for  furnaces  with  two  Adamson  rings,  when  the  un- 
supported distance  between  the  stifleners  is  not  more 
than  79  cm. 
O"  1160  for  Fox  or  Morison  corrugated,  or  Purves  ribbed 
furnaces.     In  corrugated  furnaces  D  is  the  ezteraal 
diameter  of  the  depressed  corrugation,  and  in  ribbed 
furnaces  the  external  diameter  of  the  plain  portion 
between  the  ribs  is  to  be  taken. 
The  thickness  proposed  for  any  type  of  furnace,  such  as   Famley, 
Deigbton,  &e.,  must  be  referred  for  speouu  consideration. 

For  the  boilers  of  river  steamers  the  constant  addition  may  be  01  cm. 
in  place  of  0-3  cm. 

Section  3. — Serew  mtd  Through  St4Qii. 
The  strength  of  screw  and  through  stays  must  not  be  taken  higher 


500  kilos,  per  sq.  cm.  for  iron. 
60O    „         „        „  steel 
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Steel  itajB  mtut  not  be  walded. 

In  welded  iron  atays  the  section  matt  b«  increMod  20  per  cent. 
The  pitch  of  wrev  stajs  in  oombustion  chamber  baoka  moBt  not  exooed 
20  cm.,  and  th»t  of  through  stays  in  the  steam  spaoe  46  am. 

Stetion  i. — Flat  Sur/aca. 

The  tbicknesseB  of  stayed  flat  iurfocea  are  to  be  those  giren  by  the 
formula — 


Thickness  «  015  cm. 


pVI 


WbereiD  p  =•  greatest  pitob  of  stays  (in  centimetres). 
P  =  working  pressure  (kilos,  per  sq.  cm,), 
K.  "  2200  for  stays  screwed  in  and  rireted  over. 
K  =  3600  for  stays  screwed  in  and  fitted  with  nnts. 
K  =  3000  for  stays  fitted  with  inside  and  ontside  nnts  and 
washers,   the   outer   washers    being   three    times   the 
diameter  of  the  stay  end  and  half  the  thickness  of 
the  plate. 
K  •■  3400  for  stays  fitted  with  inside  and  outside  nnts  and 
washers,    the    outer  washers    havinff    a    diameter    of 
'6  K  pitch,  and  a  thickness  of  -66  x  Uiickness  of  plate, 
and  being  riveted  to  the  plate. 
If  the  oombnstion  chamber  top  ta  supported  by  bridge  stays  only,  which 
rest  on  the  tube-plate,  and  are  not  assisted  by  any  sling  rods  from  the  boiler 
ahell,  the  thickness  of  the  tnbe-plate  must  not  be  less  than  that  given  by 
the  formula — 

Thickness  - 


1800  (p-d)' 
Wherein  P  =  working  pressure  ^kilos  per  square  em.). 

W  —  width  of  chamber  (tube-plate  to  back),  in  cm. 
p  ^  pitch  of  tubes,  in  cm. 
d  ~  internal  diameter  of  plain  tube,  in  cm. 
If  the  tnbe-plates  are  of  steel  and  are  not  exposed  to  the  direct  action  of 
flame,  the  thiclcuesa  may  be  reduced  by  12J  per  cent. 

Section  5. — Combuttion  Chamb&r  Bridge  Stayi. 
The  strength  of  these  stays  is  to  be  that  given  by   tha  following 
formula : — 

Wherein  P  «  working  pressure  (kilos,  per  square  cm.). 
L  =  length  of  bridge  stay,  in  cm. 
p  —  pitch  of  stay  bolts  in  bridge  stay,  in  cm. 
S  -  distance  apart  of  bridge  stays,  in  cm. 
d  —  depth  of  bridge  stay  at  centre,  in  cm. 
K  »  420  for  one  stay  bolt  in  each  bridge  stay. 
E  °  630  for  two  or  three  stay  bolts. 
£  -  720  lor  lour  sUy  bolte. 
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"  Thickneu  "  Btuida  for  the  ooUeotivs  thickneu  of  the  two  plates  of  the 
bridge  stay  if  oonatmcted  in  thftt  way. 

If  the  pUtea  are  of  itAel  they  may  be  10  percent,  thinner;  and  a  further 
rednotioQ  may  be  made  if  they  are  aasiated  by  elings  from  above. 


Manholes,  Ac,  mnst  be  fitted  with  stiffening  rings  to  compensate  for 
pUte  cnt  away  ;  they  should  not,  as  a  mle,  be  less  tban  30  cm.  x  40  cm., 
Dttt  in  special  casps  28  cm.  x  38  cm.  may  be  accepted.  Cast-iron  manhole 
covers  cannot  be  aooepted.  It  is  strongly  reoommended  that  the  stada  of 
manhole  covers  be  both  screwed  into  the  covers  and  riveted  over  on  the 
inside. 

Boilers  are  to  be  properly  secured  against  movement  both  fore  and  aft 
and  atbwartahipa. 

When  there  are  several  boilers  they  most  be  provided  with  proper  shnt- 
off  valves  to  enable  them  to  be  worked  independently. 

Where  the  donkey  boiler  works  at  a  lower  preesare  than  the  main 
boilers,  satisfactory  arrangements  must  be  made  to  prevent  steam  passing 
from  the  latter  into  the  former. 

The  space  between  the  oombustion  chamber  back  and  the  back  plate  of 
the  boiler  should  not  be  less  than  12  cm.,  to  allow  for  proper  cleaning.  In 
the  cases  of  extra  large  boilera,  and  of  boilers  worked  under  forced  dranght, 
a  greater  space  should  be  allowed. 

Every  marine  boiler  mnst  be  fitted  with  a  blow-off  valve  and  pipe,  and 
also  with  a  acum  valve  to  draw  the  water  from  the  level  of  the  lower  end  of 
the  water  gauge.  The  blow.«ff  pipe  mast  be  fitted  with  one  cock  on  the 
boiler  and  a  second  on  the  ship's  skin. 

Wood  must  not  be  used  either  for  lagging  boilers  or  bulkheads  in  the 
neighbourhood  of  boilers. 

All  die  larger  mountinga  are  to  be  secured  to  strong  flanges  riveted  to 
the  shell  of  the  boiler ;  and  the  studs  securing  the  mountinga  are  not  to 
penetrate  the  shell. 

TB8TS  or  MATERIAL  FOB  STXtL  BOII.SB& 

Segulatiom  of  IH  Juij/,  1899. 

All  materia]  to  be  of  good  and  toagh  quality ;  any  that  proves  brittle  in 
working  to  be  rejected. 

A  range  of  S  kilos,  will  be  allowed  where  ultimate  tendile  strength  ia 
42  kilos,  or  nnder,  and  6  kilos,  where  ultimate  tensile  ia  above  12  kilos. 

Shell  plstea  and  other  material  not  exposed  to  flame  must  ahow  an 
elongation  of  at  leaat  20  per  cent,  in  a  length  of  200  millimetres ;  and 
material  exposed  to  flame  must  ahow  at  least  22-6  per  cent,  on  same  length. 

Material  of  less  than  38  kilos,  ultimate  strength  most  elongate  at  least 
26  per  cent. 

Bending  tests  are  to  be  made  on  strips  26  millimetres  wide,  that  have 
been  heated  to  a  dark  red  and  quenched  in  water  at  28*  0. 

They  must  stand  bending  without  cracking  to  an  angle  of  180*  over  a 
radius,  for  shell  plates,  Ac.,  of  four  tiroes  the  thickness  of  tbe  plate;  and  for 
material  expoaed  to  flame,  of  twice  the  thickness  of  the  plate. 

A  tensile  and  a  bending  test  is  to  be  made  from  es!oh  shell  pUte.     Aa 
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regarda  other  plates,  «  teiuile  t«at  ia  to  bo  made  from  every  fourth  plate'; 
bat,  M  far  as  poaaible,  these  test  pieces  should  be  so  selected  that  there  may 
be  one  from  each  furnace  charge. 

As  regards  plates  other  than  shell  plates  and  not  exposed  to  flame,  a 
bending  test  is  to  be  made  from  esch  furnace  charge.  A  bending  test  must 
be  made  from  each  plate  that  is  exposed  to  flame. 

Plates  of  orer  41  kilos,  tensile  must  be  annealed  if  they  have  been 
worked  in  the  fire. 

Plates  that  are  to  be  subjected  to  the  direct  action  of  flame  should  not 
have  a  higher  ultimate  tensile  than  42  kilos,  per  square  millimetre. 

Steel  of  more  than  46  kilos,  ultimate  tensile  must  not  be  used. 
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APPENDIX   J. 

Board  of  Trade  Rulrs  for  Shaptino. 

aiEE  or  BHArnHa 

Haih,  tnnnel,  propell«r,  and  peddle  abafta  ahonld  not  be  puaed,  if  lesa  ia 
diwneter  than  (hat  found  b;  tbe  fotloving  formnla,  without  preTionsly 
aabmitting  the  whole  case  to  the  Board  of  Trade  for  their  consideration. 
It  will  be  found  that  firat-claaa  makera  generally  put  in  larger  afaafta  than 
those  obtained  bjr  the  formulK. 

For  oompoand  oondensing  engines  with  two  or  more  cylinders,  when  tbe 
cranks  are  not  overhung — 


-J; 


(■•a 


Where  S  =  diameter  of  shaft  in  inches, 

d*  =  aquare  of  diameter  of  high-pressure  cylinder  Id  inches,  or  snm 
of  sqaares  of  diameters  when  there  are  two  or  more  high- 
pressure  cylinders. 
D*  —  square  of  diameter  of  low-pressure  cylinder  in  laches,  or  sum  of 
squares  of  diameters  when  there  are  two  or  more  low- 
pressure  cylinders. 
F  —  abioliUe  pressure  in  lbs,  per  square  inch — that  is,  boiler  pressure 

plDs  16  lbs. 
0  —  length  of  crank  in  inches. 
/  —  constant  from  following  table. 
For  ordinary  condensing  engines  with  one,  two,  or  more  cylinders,  when 
the  cranks  are  not  overhung — 


^-;/^ 


p-^ 


Where  8  —  diameter  of  shaft  in  inches. 

D'  =  square  of  diameter  of  cylinder  in  inches,  or  sum  of  squares  of 

diameters  when  there  are  two  or  more  cylinders. 
P  =  abtotute  pressure  in  lbs,  per  square  inch — that  is,  boiler  pressare 

plus  16  lbs. 
0  —  lengtli  of  crank  in  inches, 
y  —  constant  from  following  table. 
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TABLE  LXXIII. 


Por  Two  Cnok*. 

Jor  CnDk  ud  Tbnut  BtuTM. 

l.S'r' 

Poc  PropelUr 

w 

100* 

no- 
lao" 

130° 
140' 

istr 
iw 

170* 
180* 

.                                                            -  10*7 

j     066 

For  paddle  engines  of  the        ^ 

direot-MtiDg  type,  iduI-         |?5 

ooVmn.aiUblefor.i.gle         2^ 

743 
■'                                                    *■    740 

1221 
1128 
109G 

007 

053       • 

919 

894 

877 

867 

864 

890 
831 
708 
727 
694 
670 
651 
638 
631 
629 

""sr"- 

1100 

1290 

943 

When  there  U  odI;  one  orank,  the  coiulaDte  applioable  are  thoM  Id  the  table 
c^poeite  180°. 

The  portion  of  the  propeller  abaft  vhioh  is  forward  of  the  starn  gland,  and  all  the 
thmat  shaft,  with  the  exoeption  of  tht  p«rt  eactosed  in  the  thrust  bearing,  may  be  of 
the  ume  diaueler  as  the  intermediate  tunnel  shafting. 


Lloyd's  Rulbb  for  Dktbrhihiho  Sizsb  or  Shafts. 

The  diameters  of  intermediate  ahftfts  are  to  be  not  less  than  thoae  given 
bjr  tlie  following  formula  : — 

For  compound  engines,  with  two  cranks  at  right  angles- 
Diameter  of  intermediate  shaft  in  inches 


=  (-04  A  +    006  D  +  -02  S 


i  VF 


-  (038  A  +  -OOSB  +  -002  0  +  -0165  3)  y  i/E 
For  qnndruple-ezpanaion  engines,  with  two  oranks  at  right  angles — 
Diameter  of  intermediate  shaft  in  inches 

=  (034  A  +  -Oil  B  +  -OOi  0  +  -OOU  D  -f-  016  8)  x  l^ 


-  (028  A  +  -014  B  +  -006  0  +  -0017  D  +  -015  S)  x  TK 
For  quadmple-exponBion  engines  with  four  oranks — 

Diameter  of  intcrmeiliate  shaft  in  inches 

-  (033  A  +   01  B  +  004 C  +  -0013 D  +  -0166  8)  x  ^/K 
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Where  A  —  diameter  of  high-preesara  ojlinder  in  inches. 

B  =  diameter  of  first  intermediate  cylinder  in  inches. 

0  =  diameter  of  second  intermediate  cylinder  in  inches. 

D  o  diameter  of  low-pressnre  cylinder  in  inches. 

B  =  stroke  of  pUtons  in  inches. 

P  "  boiler  pressure  above  atmosphere  in  lbs.  per  square  inch. 

The  diameter  of  orank-shaft,  and  of  thmst-^haft  under  the  collars,  to  be 
at  least  |^  of  that  of  the  intermediate  shaft.  The  diameter  of  thmsb- 
shaft  may  be  tapered  off  at  each  end  to  the  same  sise  as  that  of  Uie 
intermediate  shaft. 

The  diameter  of  the  screw-sbafb  to  be  equal  to  the  diameter  of  inter- 
mediate abaft  (found  as  above)  multiplied  by  ( -63  +     „■    1,  but  in  no  case 

to  be  less  than  1-07  T,  where  P  is  the  diameter  of  propeller,  and  T  the 
diameter  of  the  intermediate  shaft,  both  in  inches. 

This  size  of  screw-sbaft  is  intended  to  apply  to  shafts  fitted  with 
continuous  liners  the  whole  length  of  the  stern  tube.  If  no  liners  are  used, 
or  if  two  separate  liners  are  used,  the  diameter  of  the  shaft  should  be  |^ 
that  given  above. 

The  diameter  of  the  sorew-shaft  is  to  be  tapered  off  at  the  forward  end 
to  the  sise  of  the  crank-shaft. 

NoTR. — The  rules  are  intended  to  &pply  to  two  cylinder  compoand 
engines,  in  which  the  ratio  of  areas  of  low- and  high-pressure' cylinders  does 
not  exceed  46  to  1 ;  to  triple- expansion  engines  in  which  it  does  not 
exceed  9  to  1 ;  to  quadruple-expansion  engines  in  which  it  does  not  exceed 
12  to  1 ;  and  in  all  cases,  as  regards  the  stroke,  in  which  the  length  of 
stroke  is  not  less  than  one-half  the  diameter  or  greater  than  the  diameter  of 
the  low-pressure  cylinder.  Engines  of  estreme  proportions  beyond  these 
limits  being  specially  submitted  to  be  dealt  with  on  tbeir  merits. 


British  Cobpobatiom  Bdlbs  fob  SBAFTiNa. 

DiAUBTBB  or  SBAPtlira. 

The  minimum  diameters  of  crank,  thrust,  propeller,  and  intermediate 
shafts  may  be  found  from  the  following  fbrmnleB,  except  where  the  ratio 
of  length  of  stroke  to  distance  between  main  bearings  is  unnsoal,  when  they 
will  receive  special  oonsideration  : — 


I.-V2 


Where  D  —  diameter  of  shaft. 

P  =  absolute  pressure — i.e.,  boiler  pressure  +  IS  lbs. 

S  —  stroke  of  encine  in  inches. 

L  -■  diameter  of  low-presenre  cylinder  in  inches. 

B  —  10  for  crank  and  thrast  shafts. 

B  =  0'99  for  intermediate  shafts. 

B  —  for  propeller  shafts  to  be  taken  from  the  following  fa 
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TABLE  LXXIV. 
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aotPropelli 

rtoHuneUl 

•a  Crtuktlati.                  \ 

"■■sss-r 

t  Umldcd  Daptb. 

U. 

14. 

15. 

1<L 

17. 

IB. 

■80 

IDO 

1-02 

1-03 

l^Ol 

1^02 

■04 

1-02 

1-03 

1-04 

■06 

1-08 

1-07 

■66 

1-03 

1-04 

1^06 

■06 

1-07 

1-08 

•68 

I-04 

1-05 

1-08 

■07 

me 

1-09 

■70 

1-06 

108 

1-07 

■09 

1-09 

1-10 

■72 

1-oa 

107 

1-08 

1-09 

1^10 

J -11 

1-08 

1-09 

I^IO 

1^11 

1^12 

1-08 

1-09 

110 

1-11 

112 

■78 

1-09 

1^10 

1-12 

■80 

1-10 

l^U 

112 

1-13 

114 

116 

L* 
The  T&lne  of  the  diriaor,  0,  io  the  formula  depends  on  the  ratio  =^ 

where  L  =  diameter  of  low-preBBura  cylinder,  and  H  of  high-preasnTO 
cylinder,  in  inches  : — 

TABLE   LXXV. 


Two  Cnmka  *t  Kl°, 

V 

.1»K^  Crania  »tlV 

FonrCrMkotBO-, 

fl*" 

Qiudrnple-BoMulaa. 

Ratio  3 

9,910 

10,160 

10,410 

10,660 

10,010 

11,160 

11,410 

..      h 

11,880 

»      * 

11,610 

,.     4 

12,160 

»     H 

.-     4 

12,410 

12,660 

12,910 

13,660 

13,37S 

14,160 

„      6 

13,840 

14,670 

14,306 

16,180 

14,770 

16,690 

16,236 

16,200 

„       6 

16,700 

16,710 

,,       Bi 

16,630 

17,730 

..      7 

17,660 

18,630 

..      71 

18,410 

19,630 

,.      8 

19,260 

20,430 

22,060 

,.      Si 

20,110 

21,330 

33,660 

,.      8 

fiO,080 

22,200 

24,660 

..      H 

31,760 

23,070 

26,660 

.    10 

22,640 

23,940 

26,680 

,.    lOi 

23,330 

24,810 

27,600 

11 

24120 

26,660 

28,420 

,.  m 

84,900 

28,600 

29,340 

„    IS 

20,680 

27,340 

80^260 

Intermediftte  rstioa  to  have  intermediate  dJTiiora. 
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Thnirt  and  propeller  thmtU  niftj  be  grmda&ll;  tftpered  off  to  the  duuneter 
of  the  intwmeduta  shkliing. 

ThB  weba  of  built  onak-ihafta  thoold  b«  keyed  h  well  aa  ahrnnk  on  to 
the  slwfl,  ftnd  the  diameter  of  the  shaft  ahonld  be  increased  in  waj  of  the 
«eb  to  make  up  the  lou  of  lectiona]  area  at  the  key-way,  and  efficient 
dowel  pini  ■honld  be  6tted  in  the  crank  pins. 

Propeller  thafU  must  be  forged  from  scrap  iron,  rolled  iron  ban,  or  a 
single  steel  ingot  msde  by  the  "open  hearth"  process.  The  tensile  strength 
of  iron  shafts  to  be  from  20  to  2i  tons,  with  an  elongation  of  20  per  cent,  in 
S  inches,  and  tamples  1  inch  square  must  stand  being  benl  cald,  withoat 
fracture,  through  90*  over  a  mdius  of  IJ  inches.  Steel  shafts  to  have  a 
tensile  strength  of  firam  27  to  35  tons  per  square  inch,  with  an  elongation 
varying  from  33  per  cent,  with  27  tons  to  29  per  cent,  with  35  tons  tensile 
■trength,  measured  on  a  gauge  length  of  2  inches  on  test  pieces  ^  inch 
diameter.  Samples  1  iach  square  must  stand  being  bent  cold,  withoat 
fracture,  to  180*.  Teats  are  to  be  taken  from  one  end  of  each  shaft,  and 
from  both  ends  of  shafts  orer  2^  tons  weight,  and  of  all  propeller  ahafto. 
The  teat  blocks  are  not  to  be  removed  until  stamped  by  the  aurveyor,  and 
teet  pieces  are  to  be  prepared  therefrom  as  directed  by  him,  and  tested  in 
his  presents.  Other  material,  snoh  as  nickel  steel,  &o.,  will  be  accepted 
after  compliance  with  auob  special  testa  as  may  be  imposed.  All  shafts  are 
to  be  subjected  to  examination  during  the  progreaa  of  manufacture,  when 
rough  turned  and  when  finished. 


BUBEAU   TkIIITAS   RuLU   for   SHAPTtNO. 
A.     CRANK  SHAFTS. 

When  the  crank  of  a  acrew  engine  is  not  overhung,  the  diameter  of  the 
ahaft  shall  be  determined  by  one  of  the  following  formain : — 
For  non-compoond  condensing  engines— 

^-y^2jE w 

For  double,  triple,  and  quadruple-ezpandon  enginea — 

J  .   ypLKU-.  +  OlnD-)     .        .        .    ,B) 

For  sbafU  having  a  single  overhang  cmnk,  the  form  under  the  radical 
ugn  ia  to  be  multiplied  by  

For  two  cylinder  single  crank  tandem  engines,  tbe  formula  will  thero- 

i  .   yFHD-.t01D-H.^VrrT)         .     jpj 

In  these  fbrmnin — 

d  —  diameter  of  the  after-shaft  bearing  in  inches, 
'tj  —  Dumber  of  high-pressure  cylinders. 
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Cj  =  diameter  of  each  high-preuure  cylinder  in  inches.     If  there  are 
aeverit]  bigb-pressure  Of  lindera  the  diametera  of  which  are  not 
the  same,  n^  T)\  represents  the  sum  of  the  squares  of  their 
respeotive  diametera. 
n  =  number  of  tow-preGsure  cylinders. 

D  =  diameter  of  each  low-pressure  cylinder  in  inches.  If  there  are 
several  low-pressure  oyllndera  the  diameters  of  which  are  not 
the  same,  n  D'  represents  the  snm  of  the  squares  of  their 
respective  diameters. 

i/.S. — For  triple   or   quadruple  expansion   engines,  the    intermediate 
cylinders  do  not  come  into  account  in  the  formnlte. 

L  =  length  of  stroke  in  inches,  common  to  all  pistons. 

P  =  boiler  pressure  above  atmosphere  in  lbs.  per  square  inch. 

»  =  -  (see  below).  In  order  to  determine  a,  B  is  supposed  to  be  situ- 
ated halfway  the  length  of  the  bearing,  unless  the  latter  be 
longer  than  Ij^  times  the  diameter;  in  this  case,  BO  may  be 
considered  as  being  equal  to  J  of  the  diameter. 
0  =  a  constant,  the  values  of  which  for  iron  shafts  are  given  below  for 
certain  casea.  The  values  given  apply  to  navigation  in  a  seaway ; 
for  smooth  water  (tugs  excepted)  ^e  constants  may  be  increased 
by  30  per  cent. 


Fig.fc 
If  it  is  above  16  inches,  it  should  be  increased  by  an  amount  to  bo 
determined  by  the  Administration ;  for  built-up  shafts,  however,  this  latter 
increase  will  not  be  required. 

For  hollow  shafts,  the  diameter  must  be  increased  by 

I  per  cent,  if  the  diameter  of  the  hole  is  04  of  the  outside  diameter. 
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0-5 
0-6 
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If  the  hole  is  under  04  of  the  outside  diameter,  no  increase  will  be  required. 
The  Administration  may  allow  a  reduction  on  the  diameter  in  certain 
special  cases ;  for  instance,  in  well-balanced  engines  with  light  moving 
part«,  or  for  very  superior  workmanship,  Ac.  On  the  other  hand,  the 
Administration  may  require  an  augmentation  for  engines  which  differ  much 
from  the  average  proportions  found  in  practice;  thus,  for  instance,  for 
engines  having  a  comparatively  small  stroke;  for  compound  engines,  the 
low-pressure  cylinder  of  which  has  a  very  large  size  compared  with  the 
high-pressure  cylinder,  &o. 


MS  HANtJAL  Ot  lUBINS  BMatHKBRlMa. 

VALUES    OP    O    Dt    POBMOUi    U).    (BX    ((!>• 

L  Ifim-CoMpound  Condenting  Sngimt  with  Two  Cytindar*  aatd  Two  Cnmkt, 

FormnU  (A),  when  i»  -  1  and  0  "  4800  when  tbe  angle  between  ths 
cranki  ii  90*.  Wfa^n  it  ia  not  90*  tbe  oonatants  we  to  be  mnldplied  b;  tbe 
following  ooeffidente : — 

Tor  100*.    -        -        -    0-91       I       For  140',    -  -    0-72 

120*.    -        -        -    0-79       I  160*-180°,    -        -    070 

JX.  Dovhl»-Expaimon  Engintt  (On^nary  Compound). 
1.  Two-ennk  two^jrlinder  intermediate  raoeirer  engiaea. 
FonnoU  (B),  where  n,  —  n  <>  1. 

0  «  3400  when  the  angle  between  the  cranks  is  90*. 
For  other  angles  tbe  constant  is  to  be  multiplied  b;  the  coefficients 
giren  in  Oase  I. 

3.  TwoHsrank  doable  tandem  engiaea  (two  high-  and  two  low-pressard 
oj  linden). 
Formala  (B),  where  n.  —  n  —  2. 

0  —  3500  when  the  angle  betveea  the  cranks  is  90*. 

For  other  angles  the  constant  is  to  be  maltipliad  bj  the  coeffioienta 
giren  in  Oase  I. 

3.  Three-crank  triple  tanden  engines  (three  high- and  three  low- 
pressure  cjlinders). 


4.  Single-crank  tandem  engines  (one  high-and  one  low-pressure  cylinder). 
When  the  crank  is  not  overhung— 

Formula  (B),  where  n.  —  n  —  I. 
0  -  2100. 
When  the  crank  if  overhang — 

Formala  (0),  where  0  >  3300. 

These  two  values  suppose  a  cut-off  at  0'8  of  the  stroke  in  the  high- 
pressure  cylinder.    For  later  oat-ofis,  the  oonstant  is  to  be  increased. 

6.  Tbree-crank  three-cylinder  engines  (one  high-  and  two  low-pressnre 
oylinders). 

Formula  (B),  where  n,  -  I,  n  -  2. 

0  -  3600  when  the  cranks  are  at  120*. 


III.  Trifla-ExpoRwrn  Sngxiua. 

hree-oyli 
inder). 

Formula  (B),  where  n 


1.  Three-crank  three-cylinder  engines  (one  high,  one  Intermediate,  and 
one  low-pressure  cylinder). 
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2.  Two-crank  tbree  -  cylinder  enginea  (two  of  the  cjlindflrs  placed 
tandem-wise). 

FormaU  (B),  where  n,  =  n  =  i, 

G  =  3000  when  the  cranks  are  at  right  aagles. 

3.  Two-orank  four-cylinder  engines  (two  tandem  engines — vis.,  two  higb- 
preesnre  cylinders  on  the  top  of  the  intermediate  and  low-pressure  cylinders). 

Formola  (B),  where  n,  ~  2,  n  —  1. 

O  —  3300  when  the  cranks  are  at  right  angles. 

IT.  Other  Cotes. 

For  quadruple-expansion  engines,  as  well  as  for  other  oases  uot  included 
in  the  foregoing,  the  constant  will  be  determined  by  the  Administration. 

y.B, — For  quadruple-expansion  double  tandem  engines  with  trwo  cranks 
at  90*,  the  value  of  C  may  bo  prorisionally  taken  as  3100. 

In  the  case  of  four  cranks  at  right  angles,  the  ralue  of  C  may  be  taken 
at  3600.  If  the  sequence  of  cylindera  and  the  angles  of  the  cranks  are 
chosen  so  as  to  reduce  the  maximum  torsional  moment,  the  above  value 
may  be  increased,  but  in  no  case  shall  exceed  4100.  Each  particular  oase 
to  be  submitted  for  approval. 


B.     PBOFKLLKR,  TUNNEL,    AND  THHDBT  8BAFTB, 

The  diameter  of  propeller  shaft  must  be  (  1'7~t  -  16}  per  cent,  i 


of  the  diameter  of  the  orank^ahaft,  calcnlated  ftom  one  of  the  formula,  (A), 
(B),  or  (0),  D  being  the  diameter  of  the  propeller  in  inches,  and  d  the 
diameter  of  the  crank-shaft  in  inches.  It  is  recommended  to  fit  the  pro- 
peller shaft  in  such  a  way  that  it  cannot  move  endways,  if,  for  some  reason 
or  other,  it  has  been  uncoupled  from  the  rest  of  the  shafting.  Iiiners  fitted 
on  propeller  shafts  to  be  tapered  off  at  ends. 

For  tunnel  shafts,  a  reduction  of  6  per  cent  on  the  diameter  of  the 
crank-shaft  will  be  allowed. 

The  diameter  of  thrast-shaft  at  the  bottom  of  the  ooltara,  both  between 
and  immediately  beyond  tbeee  latter,  to  be  equal  to  that  of  the  crank-shaft, 
and  tapered  off  at  each  end  to  the  smaller  diameter  of  the  body  of  the  shaft. 
The  thrust  of  the  screw  propeller  must  be  taken  up  by  an  efficient  thrust 
block,  so  as  to  prevent  any  fore  and  aft  strain  on  the  crsjik-shaft. 


IRON  8HAFIH   fOB  PADDLE  8TBAU8B8. 

In  side-wheel  steamers  having  double,  triple,  or  quadruple-expansion 
engines  with  an  intermediate  shaft,  each  end  of  which  carries  an  overhung 
crank-pin  fitting  loosely  into  an  eye  of  the  paddle-shaft  crank,  the  bearing 
of  the  latter  (see  A  of  the  following  sketch)  must  have  its  diameter  calcu- 
lated from  the  formula : — 

d  „     '  /rL(»iD*.  +  0-lnD^)(«  +  -Js^i:)  .     (jjj 

D.(jitizect.yG00(^lc 
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when  th«  l«tt«n  have  the  ume  meaning  m  b«fon,  except  that  a,  for 
determiniag  i  =  -,  is  to  be  meuared  ta  shown  in  th»  following  aketcfa,  the 
point,  B,  being  the  middle  of  the  bearing. 

For  two-cjiinder  compound  receiver  enginea,  with  two  oranka  at  90*, 
C  ~  13,000  for  navigation  in  smooth  water. 

For  coasting  or  sea-going  steamera,  the  oonstant  is  to  be  redoced,  but 
oeed  not  be  under  fi700. 

The  diameter  of  the  outer  bearing  of  the  padUle-Bhaft  and  of  the  inter- 
mediate shaft  to  be  submitted  to  the  Administration  or  the  Survejon  for 
approval    The  tame  applies  to  other  oases  not  dealt  with  in  this  pangrapb. 


BTBBI,  BHAFTS. 

Shafts  made  of  steel  must  have  a  tensile  strength  of  26  to  30^  tons,  and 
test  pieces  ont  from  the  forging  most  satiBfaotorilj  withstand  the  tests. 
When  it  is  desired  to  make  use  of  steel  of  softer  or  harder  quality,  the 
corresponding  alteration  in  the  diameter  must  be  submitted  to  the 
Adminiitntion  for  approval. 
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APPENDIX  K. 

Lloyd's  Reus  for  thi  TTsb  or  Eleoirig  Light  oti  Board  YEasELs. 

The  foUowing  raquiremeDtB  as  to  the  aiwa,  positions,  and  protection  of 
th«  cablet,  »na  to  the  fitting  of  the  cut-outs  are  now  embodied  as  rules : — 

LBADa  OS  CIRCUITS. 

1.  The  sectionftl  area  of  the  copper  wires  in  the  cables  should  be  at  least 
in  the  proportion  of  1  sqaare  inch  per  1000  amperes  carried. 

2.  No  single  wire  of  greater  siiie  than  14  or  of  less  than  18  standard 
wire  gauge  should  be  used.  For  portable  leads,  cables  oompoeed  of  stranded 
wires  should  be  used,  having  sufficient  conductivity  and  flexibility  for  the 
purposes  intended. 

3.  The  copper  used  tn  all  wires  or  cables  should  have  a  conductivity  of 
at  least  98  per  cent,  that  of  pure  copper. 

4.  The  insulation  resistance  of  all  wires,  including  portable  leads,  should 
be  not  less  than  600  megohms  per  statute  mile,  after  twenty-four  hours' 
immersion  in  sea  water. 

G.  The  insulating  material  used  must  not  appreciably  aoflen  if  subjected 
to  a  temperature  of  ISO*  F.  If  india-rubber  insulation  is  used,  the  wires 
should  be  first  covered  with  a  layer  of  pure  rubber,  then  with  a  separator, 
then  with  a  layer  of  vulcanising  india-rubber,  and  then  with  a  layer  of 
india-rnbber-coatod  tape.  The  whole  should  then  be  vulcanised  together. 
The  cable  should  afterwards  be  satisfactorily  protected,  preferably  with  a 
braided  covering  of  waterproof  fibre. 

6.  Wires  which  are  insulated  with  any  other  material  than  india-rubber 
should  fiilfil  the  same  conditions  as  to  insulation  resistance,  and  should  be 
of  equal  durability  with  those  above  specified. 


7.  Joints  in  branches,  or  of  branches  with  leads  of  small  circuits,  must 
be  made  in  properly  constructed  watertight  junction  boxes,  or  should  have 
the  copper  wires  tJiorougbly  soldered  and  the  insulation  carefully  carried 
out,  all  the  joints  being  made  watertight.  Joints  in  fiow  and  return  wires 
should  not  be  mode  opposite  one  another.  All  joints  should  he  in  acoeasible 
positions,  none  being  made  in  bunkers,  cargo  spaces,  or  spaces  which  may 
at  any  time  be  used  for  carrying  oai^o,  stores,  or  baggage. 

8.  For  soldering  wires,  resin  only  should  be  used  as  a  flux. 

9.  Where  practicable,  the  leads  should  be  placed  where  they  can  always 
be  accessible;  if  they  are  laid  in  wood  battens,  the  covers  should  be  screwed 
on,  not  nailed,  and  care  should  be  taken  that  the  casings  are  so  arranged 
that  water  will  not  lodge  in  them.  Gables  which  are  properly  covered  with 
protective  metal  sheathing,  or  which  are  protected  by  galvanised  wire 
armouring,  may  be  nnencased.  They  should,  however,  be  secured  by  screwed 
clips,  not  by  staples.     All  sharp  bends  in  cables  should  be  avoided. 
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10.  All  otbtM  which  »r*  liftbl«  to  be  expoaed  to  the  weather  or  moistiira 
ihoald  be  lead  oover«d,  or  be  otherwise  Bpecudlf  protected.  Where  great 
heat  ii  ezperienoed,  no  wood  casing  should  be  used,  bat  the  cables  should 
be  protected  by  iron  casings,  or,  if  they  are  not  exposed  to  mechanical 
injury,  they  ntay  be  armoured  with  galvanised  wire  and  fastened  to  decks 
or  bnlkheads  with  screwed  clips  spaced  not  more  than  12  inches  apart. 

11.  If  cables  are  led  throngh  cargo  spaces,  ooal  bunkers,  or  spaces  which 
may  at  any  time  be  need  for  carrying  cargo,  stores,  or  baggage,  or  w  hich  are 
not  at  ail  times  aooessible,  they  should  be  strongly  protected  against 
damage,  preferably  by  iron  casings.  If  they  are  led  throngh  metal  tubes, 
these  must  be  strongly  secored,  and  should  be  fitted  so  that  water  cannot 
lodge  in  them. 

Armoured  cables  may  be  used  without  casings  or  tubes  provided  they 
are  strongly  secured  to  the  underside  of  decks  or  to  bulkheads  by  screwed 
clips,  and  provided  they  are  armoured  in  conformity  with  the  standard  of 
the  Engineering  Standards  CommittAe,  vis. : — 

For  cables  below  i  inch  diameter  over  lead,  by  galvanised  steel  wires  "073 
diameter ;  for  cables  \  inch  to  1  inch  over  lead,  by  two  layers  of  steel  tape 
each  -03  inch  thick ;  for  cables  above  1  inch  to  3  inches  diameter,  by  two 
lasers  of  steel  tape  each  '04  ini^  thick ;  and  for  larger  cables,  by  two  layera 
of  steel  faye  -06  inch  thick. 

12.  Wnere  cables  pass  through  beams,  bulkheads,  or  other  iron  work, 
they  should  be  led  throngh  special  fittings  of  sheet  lead,  bard  wood,  or 
vulcanised  fibre  to  prevent  their  being  chafed,  and  where  they  pass  throngh 
decks  they  should  be  led  throngh  metal  tubes  lined  with  wood,  or  vuicaniaed 
fibre,  and  securely  fastened  to  the  decks,  standing  at  such  a  height  above 
the  deck-level  that  water  cannot  stand  above  theoL  Where  cables  pass 
through  watertight  bulkheads,  the  fittings  should  be  provided  with  brass 
watertight  screwed  glands. 

13.  In  vessels  having  spaces  allotted  alternately  for  passengers  and 
oai^o,  the  lamp  fittings  in  these  spaces  should  be  removable,  and  the 
terminals  so  arranged  that  they  oan  be  properlv  covered  up  with  strong 
metal  covers,  or  the  whole  of  the  fittings  should  be  similarly  provided  with 
strong  metal  covers.  The  main  switches  and  cut-outs  should  be  outside 
these  spaces,  or,  if  placed  inside,  they  should  be  in  strong  iron  boxes 
provided  with  iron  covers,  or  otherwise  securely  arranged  to  prevent  the 
fittings  being  tampered  with. 

DISTBIBUTION. 

14.  A  main  switchboard  should  be  fitted  in  the  dynamo-room,  to  which 
all  the  main  circuits  throughout  the  ship  should  be  brought,  a  switch  and 
out-out  being  fitted  thereon  for  each  circuit.  The  auxiliary  switchboards 
for  further  subdivision  of  the  current  should  be  placed  in  conveniently 
accessible  positions,  and  each  such  switchboard  should  be  similarly  fitted 
with  a  separate  switch  and  cut-out  for  each  aub-cirouit.  Cut-outs  should  be 
fitted  to  each  lamp-cir«uit  where  these  are  made  with  reduced  aise  of  wire. 
If  vessels  are  wired  on  the  double>wire  system,  out-outs  should  be  fitted  to 
each  cable  of  these  circuits. 

15.  In  cases  where  electric  lights  are  used  fi>r  the  mast-head  light  and 
side  lights,  the  switches  conbolling  these  lights  should  be  placed  in  a  posi- 
tion where  they  can  be  controlled  by  the  officer  of  the  watch,  or  oAm 


D.(jitizect.yG00(^lc 


LLOTS'S  BULXS  VOB  THE  USE  OF  ELBOTEIO  LIQHT.  667 

responsible  perion,  And  cannot  be  Umpered  with  bj  other  members  of  the 
crew,  or  by  pusengers,  &c. 

16.  The  Bwitob boards  sbonld  be  of  slate  or  other  incombustible  materlaL 
The  Bwitobes  should  be  on  the  quick-break  principle,  and  ehoald  be  bo  con- 
structed that  they  must  either  be  full  "  on  "  or  completely  "  off" — that  is, 
they  must  not  be  able  to  remain  in  an  intermediate  position.  They  should 
have  ample  rubbing  surfaces,  and  their  conductivity  should  not  be  less  than 
that  of  the  wires  connected  to  them. 

17.  Cnt-onts  should  be  fitted  to  each  main  or  auxiliary  circuit,  on  the 
switchboards,  as  near  as  possible  to  the  switches  of  these  circuits.  If  the 
switchboard  is  not  fitted  near  the  dynamo,  or  if  more  than  one  dynamo  may 
be  used  on  any  one  circuit,  then  cut-outs  should  also  be  fitted  to  the  main 
cable  as  near  as  possible  to  each  of  the  dynamo  terminals. 

18.  All  other  out-outs  should  also  be  in  easily  accessible  places,  and  aa 
near  as  possible  to  the  commencement  of  the  cables  or  wires  they  protect, 
Tbey  should  be  mounted  on  slate  or  other  incombustible  bases,  and  be 
arranged  so  that  the  fused  metal  may  not  be  a  source  of  danger,  and,  where 
fitted  with  covers,  these  should  be  incombustible. 

19.  All  fuses  should  be  of  easily  fusible  and  non-oxidisable  metal,  and 
should  be  so  proportioned  as  to  melt  with  a  current  100  per  cent,  in  excess 
of  the  normal  current — that  is,  they  should  melt  with  a  current  in  the  pro- 
portion of  2000  amperes  per  square  inch  of  section  of  the  wires  they  protect 
The  fuses  for  branch  wires  to  single  lights  should,  however,  if  of  tin  wire, 
be  of  not  greater  size  than  22  S.W.O. 

20.  The  fuses  for  each  cable  should  be  made  of  standard  dimensions,  so 
that  a  large  fuse  cannot  be  used  for  a  small  cable  by  mistake,  or,  if  wire 
fuses  are  used,  permanent  instructions  should  be  fitted  on  or  near  each 
switchboard  giving  particulars  of  the  proper  size  of  fuse  for  each  circuit. 

21.  lu  shaft  passages  and  in  damp  places,  all  lamp  switches  and  outputs 
should  be  of  a  strong  watertight  pattern,  or  should  be  placed  in  watertight 
boxes  having  hinged  or  portable  watertight  covers,  Ifo  switches  or  cut- 
outs are  to  be  placed  in  bunkers. 

22.  There  should  be  no  joints  in  the  cables  leading  from  the  dynamo  to 
the  main  switchboud,  nor  in  those  leading  from  the  main  to  auxiliary 
switchboards,  nor  should  branches  to  sin^e  lamps  be  taken  off  these 
cables. 

23.  A  voltmeter  should  be  supplied  with  each  installation.  If  more 
than  one  dynamo  is  fitted,  neither  oeing  capable  of  the  whole  of  the  output, 
an  ampere  meter  should  be  supplied  with  each  dynamo. 

JOlinS  WITH   HULL. 

24.  In  vessels  fitted  on  the  single-wire  system,  all  the  joints  with  the 
hull  should  be  plsced  in  accessible  positions.  Those  for  single  lamps  or  for 
small  cables  should  be  made  with  brass  screws  not  less  than  three-eighths  of 
an  inch  in  diameter,  carefully  tapped  into  the  iron  or  steel,  having  white 
brass  washers,  between  the  wires  and  the  vessel,  or  the  wires  should  be 
soldered  to  brass-faced  washers.  For  larger  cables  and  for  the  pole  of 
dynamo,  the  cable  wires  should  be  properly  sweated  into  brass  or  copper 
shoes,  which  should  be  bolted  to  the  vessel.  The  iron  or  steel,  where  con- 
tact is  made,  should  be  filed  bright,  and  the  area  of  contact  sbonld  not  be 
less  than  eight  times  the  section  of  the  copper  of  the  cable. 
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35.  The  linglft-wire  ■jatem  mart  not  be  adopted  for  anj  part  of  the 
initatlatioD.  Switchea  and  cat-oate  miut  not  be  fitted  in  placet  liable  to 
the  aceamalation  of  petroleum  vapour  or  gu,  and  all  lamps  la  plaoes  where 
it  i>  pouible  for  gaa  to  accumulate  mnit  be  made  with  an  outer  glau  globe 
made  air-tight.  All  wires  in  such  placea  are  to  be  lead  oovered,  or  the 
insulation  of  the  cablea  employed  is  to  be  of  suoh  a  natare  as  not  to  be 
affected  bv  petroleom.  So  joints  of  cables,  switches  or  cut-outs  should  be 
fitted  in  uie  pump-nwm,  but  the  wires  for  each  lamp  therein  should  be 
carried  to  the  Ump  from  a  distributing  junction  box  placed  ontaide  the 
pump-room  or  companion. 

The  following  paragraph*,  referring  to  the  effect  of  the  electric  light 
initallationa  upon  the  compasses,  are  issued  as  suggestions,  not  as  roles : — 

POWnOR  OP  DTHAMOS  AMD   Or   BLBOTBIO  MOTORS. 

26.  The  position  and  type  of  dynamos  and  eleotrio  motors  should  be 
such  that  the  compasses  wUl  not  be  affected.  Dynamos  and  large  motors 
should  be  at  least  30  feet  from  the  standard  compass. 


27.  tn  TOssels  fitted  with  continuous  current  dynamos  and  wired  on  the 
stD^e-wire  system,  no  single  cable  should  be  carried  within  15  feet  of  any 
compass,  and  cables  conveying  heavy  currents  should  be  fixed  at  still 
greater  distance.  If  it  is  necf^ssnry  to  Bs  any  cables  within  this  distance, 
then,  for  all  parts  of  the  vessel  lighted  from  this  cable,  the  oonoentric  or 
double-wire  system  should  be  ai£ipted,  the  return  wire  being  carried  aa 
near  the  flow  as  possible  in  the  vicinity  of  the  compasses. 

AWOamBMT  OF  CX>HPAHH. 

36.  The  compasses  shodld  be  adjusted  with  the  dynamo  not  working, 
after  which  the  vessel's  head  should  be  put  upon  the  different  eouraes, 
with  the  dynamo  running  at  full  speed,  and  on  each  course  the  indica- 
tions of  the  compass  should  be  noted  with  the  dynamo  running  with  open 
circuit,  and  with  all  possible  combinations  of  the  current  switched  "on" 
and  "off"  all  circuits  passing  aesr  the  compasses.  These  indications  should 
be  compared  with  tjiose  obtained  with  the  dynamo  stopped,  and  any 
serious  deflections  of  tiie  compasses  remedied  before  the  vessel  sails. 

The  requirements  in  paragraphs  3  to  8  inclusive,  referring  to  the 
quality  of  the  material  used  or  to  the  workmanship  employed,  are  embodied 
as  rules ;  but,  as  the  quality  of  the  material  can  only  be  tested  at  the  cable- 
maker's  works,  and  as  the  workmanship  of  the  joints  cannot  be  examined  or 
tested  after  completion,  the  guarantee  of  the  electrical  engineers  will  be 
required  as  to  these  points. 
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APPENDIX   L 

BoAKD  OP  Tbadb  BuLia  roft  SAnTT-TALTsa. 

Frovieiont  of  tha  Aot  tu  rtgarda  SafMyvaion. — Emy  steiuiuhqt  of  which 
a  anrrej  ia  required  by  the  Act  shall  be  provided  with  »  safotj-Tklve  vpon 
eftch  boiler,  bo  constmoted  «» to  be  out  of  the  ooatrol  of  the  engineer  when 
the  iteam  is  op,  and,  if  Bach  valve  ia  in  addition  to  the  ordinary  valve,  it 
Bhall  be  so  oonatruoted  aa  to  hare  an  area  not  leu,  and  a  preaaore  not 
greater,  than  the  area  of  and  presBure  on  that  valve. 

The  snrreyorB  are  inatracted  that,  in  all  neto  boUer*  and  whenever 
aiiarationt  eon  be  eatily  made,  the  valve  cheat  ahould  be  plaoed  directly  on 
the  boiler;  and  the  neck,  or  part  between  the  chest  and  the  flange  which  ia 
bolted  on  to  the  boiler,  ahould  be  as  abort  aa  poasible  and  be  cast  in  one 
with  the  oheat 

If  any  person  pbkce  an  undas  weight  on  the  aafbty-ralve  of  any  steam- 
ahip,  or,  in  the  caae  of  ateamshipa  surveyed  nnder  the  Act,  increase  anoh 
weight  beyond  the  limits  fixed  by  the  engineer-anrveyor,  he  shall,  in 
addition  to  any  other  liability  he  may  incur  by  ao  doing,  be  liable  for  each 
ofienee  to  a  fine  not  exceeding  one  hundred  poanda. 

The  engineer-anrveyor  shall  declare,  amongst  other  thinga,  the  limits  of 
the  weight  to  be  placed  on  the  safety-valves ;  that  the  Sfuety-valrea  are 
such,  and  in  anoh  condition,  aa  required  by  the  Aot;  and  that  the 
machinery  ia  anffident  for  the  service  for  the  time  be  fixea,  and  ia  in  good 
condition. 

Area  of  Safety-val-oet. — When  natural  draught  is  used,  the  area  per 
square  foot  trf  fire-grate  surface  of  the  locked-up  safety-valves  should  not  be 
leu  than  that  given  in  the  following  table  opposite  the  boiler  pressure 
intended,  but  in  no  caae  should  the  valves  be  less  than  2  inches  in  diameter. 
This  applies  to  new  veesela  and  to  vessels  which  have  not  previously 
received  a  passenger  certificate. 

When,  however,  the  valves  are  of  the  common  description,  and  are 
made  in  accordance  with  the  table,  it  will  be  necessary  to  fiC  them  with 
springs  having  great  elasticity,  or  to  provide  other  means  to  keep  the 
acoumulation  within  moderate  limits. 

When  forced  draught  is  used,  the  area  of  the  safety-valvea  should  not  be 
less  than  that  found  by  the  following  formula : — 

A  X  0  -      ,  .      . 

— Sff"  ~  ■•**  <•'  ™tm  required. 

Where  A  ■•  area  of  valves  as  found  from  the  table. 

C  =  estimated  coal  eonsnmption  in  lbs.  per  sq.  ft.  of  grate  per  honr. 
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(ITATUBAL  DBAHQHT.) 
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li 

'M0< 

Aim  of 

An*  of 

BoD*r 

SqUttKbt 

BoU«r         T.1 

r»<nto. 

BoOa 

S'KSgr.to. 

Pranra. 

P»-«     B^ 

Pnaon. 

FiMntta. 

Lba. 
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Urn.         sq 

iDCb. 

Ua. 

ai  liMA. 

LU. 
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16 

«7 

467 

119 

^9 
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■202 

IS 

1-309 

68 

461 

130 

■277 

171 

-201 

17 

1171 

69 

446 

121 

■276 

m 

W 

1136 

70 

441 

122 

■273 

178 

•190 

19 

1-102 

7! 

436 

123 

■271 

174 

■198 

20 

1-071 

73 

431 

124 

-269 

176 

•107 

21 

1-041 

73 

428 

126 

•267 

178 

■106 

32 

1-013 

74 

421 

136 

■266 

177 

■196 

23 

■986 

76 

416 

127 

■264 

178 

■194 

24 

■««1 

76 

413 

128 

■282 

179 

■103 

2S 

■m 

77 

407 

129 

■260 

180 

■102 

2$ 

■914 

78 

403 

130 

■268 

181 

■191 

27 

■892 

79 

398 

181 

■266 

182 

-190 

28 

■872 

80 

S94 

132 

■266 

183 

-180 

29 

-862 

SI 

390 

183 

•268 

1S4 

-188 

30 

■838 

82 

386 

194 

-261 

166 

-187 

31 

■816 

83 

382 

186 

•260 

186 

■186 

32 

■797 

84 

378 

130 

■248 

187 

-IS6 

33 

■781 

66 

376 

m 

■246 

180 

-184 

34 

-765 

86 

371 

138 

■246 

180 

-183 

30 

-760 

87 

367 

189 

■243 

190 

-182 

3e 

-7S6 

88 

364 

140 

■341 

191 

-181 

37 

■721 

80 

360 

141 

■240 

103 

■181 

38 

■707 

90 

367 

142 

■238 

193 

■180 

S9 

■694 

91 

363 

143 

■237 

194 

■179 

40 

■681 

93 

360 

144 

-236 

196 

■178 

41 

-869 

93 

347 

146 

■234 

106 

■177 

43 

■687 

94 

344 

146 

'232 

197 

■176 

43 

•64« 

96 

840 

147 

■231 

108 

■176 

44 

■636 

96 

337 

148 

■330 

too 

■176 

4a 

■626 

97 

334 

149 

■228 

200 

-174 

4e 

■614 

98 

331 

160 

■227 

201 

■173 

47 

■604 

99 

328 

161 

■236 

202 

■178 

48 

■696 

100 

336 

162 

■224 

303 

■172 

49 

'686 

101 

323 

168 

•223 

204 

■171 

BO 

■678 

102 

320 

164 

■221 

205 

■170 

01 

■B68 

103 

317 

156 

■220 

206 

-160 

52 

■669 

10* 

316 

166 

•219 

207 

■169 

63 

■661 

106 

312 

167 

■218 

208 

■168 

M 

■643 

106 

300 

168 

■216 

209 

■167 

K 

■536 

107 

307 

169 

■216 

210 

■166 

S6 

■628 

108 

304 

160 

■214 

211 

■166 

67 

■630 

109 

302 

161 

■213 

212 

■166 

08 

■613 

110 

SCO 

162 

■211 

213 

•164 

59 

■606 

111 

■297 

163 

■210 

214 

•164 

eo 

■500 

lis 

296 

164 

■209 

216 

■168 

ei 

■493 

113 

-292 

166 

•208 

216 

■162 

B2 

■487 

114 

■290 

166 

•207 

217 

■J6l 

63 

•480 

116 

-288 

167 

■206 

218 

■161 

64 

■474 

118 

■286 

168 

-204 

219 

■160 

66 

'468 

117 

284 

160 

■208 

220 

■169 

66 

-462 

118 

■281 
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Wben  the  pressure  exceeds  180  lbs.  per  square  inch,  the  sccnmnlation 
of  pressure  at  the  steam  test  will  probably  be  exoeptionallj  high,  unless  the 
area  of  the  branch  leadlog  from  the  valve  cheat  is  in  excess  m  the  area  of 
the  valvfls,  and  the  area  of  the  main  waste  steam  pipe  is  correspondingly  in 
excess  of  the  gross  area  of  the  valves. 

In  ascertaining  the  fire-grate  area,  the  length  of  the  grate  shonld  be 
measured  from  the  inner  edge  of  the  dead  plate  to  the  front  of  the  bridge, 
and  the  width  from  side  to  side  of  the  furnace  on  th«  top  of  the  bars  at  the 
middle  of  their  length. 

Baamination  of  Safety-valves. — The  surveyor,  in  hia  examination  of  the 
machinery  and  boilers,  is  particularly  to  direct  his  attention  to  the  safety- 
valves,  and,  whenever  he  considers  it  necessary,  he  is  to  satisfy  himself  as 
to  the  pressure  on  the  boiler  by  actnal  trial. 

The  surveyor  is  to  examine  the  whole  of  the  valves,  weights,  and  springs 
at  every  survey. 

The  responsibility  of  seeing  to  the  efficiency  of  the  mode  by  which  the 
valves  are  fitted,  eo  as  to  be  out  of  the  control  of  the  engineer  when  steam 
is  up,  rests  with  the  surveyor,  who  should  see  that  the  method  adopted  is 
efficient  and  approved  of  by  the  Board  of  Trade. 

The  safety-valves  should  be  fitted  with  lifting  gear,  so  arranged  that  the 
two  or  more  valves  on  any  one  boiler  con  at  all  times  be  eased  together, 
without  interfering  with  the  valves  on  any  other  boiler.  The  lifting  gear 
should,  in  all  cases,  be  arranged  so  that  it  can  be  worked  by  bond  either 
from  the  engine-room  or  stokehole. 

Oara  should  be  taken  that  the  safety-valves  have  a  lift  equal  to  at  least 
one-fourth  their  diameter;  that  the  openings  for  the  passage  of  steam  to  and 
from  the  valves,  including  the  waste  at«am  pipe,  should  each  have  an  area 
not  less  than  the  area  of  valves  required  by  Table  Ixxvi. ;  that  each  valve- 
box  has  a  drain-pipe  fitted  at  its  lowest  part.  In  the  case  of  lever  valves, 
if  the  holes  in  the  lever  are  not  bushed  with  brass,  the  pins  must  be  of 
brass;  iron  and  iron  working  together  must  not  be  passed.  The  valve  seats 
should  be  secured  by  studs  and  nuts. 

Swrv«yoT  to  See  Valves  Weighted. — When  the  surveyor  has  determined 
the  amount  of  pressuro,  he  is  to  see  the  valves  weighted  accordingly,  and 
the  weights  or  springs  fixed  in  snch  a  manner  as  to  preclude  the  possibility 
of  their  shifting  or  in  any  way  increasing  the  pressure.  The  limit  of  the 
weight  on  the  valves  ie  to  be  inserted  in  the  declaration,  and  should  it  at 
any  time  come  to  a  surveyor's  knowledge  that  the  weights  have  been  shifted 
or  the  loading  of  the  valves  otherwise  altered,  or  that  the  valves  have  been 
in  any  way  interfered  with,  so  as  to  increase  the  pressure,  without  the 
sanction  of  the  Board  of  Trade,  he  is  at  once  to  report  the  facts  to  the 
Board  of  Trade. 

Spring  S^fely-vahes. — If  the  following  conditions  are  complied  with, 
the  surveyor  need  raise  no  question  as  to  the  substitution  of  spring  loaded 
valves  for  dead-weighted  valves  : — 

(1)  That  at  least  two  valves  are  fitted  to  each  boiler. 

f2)  That  the  valves  are  of  the  proper  size,  as  requirod  by  Table  Ixxvi. 

(3)  That  the  springs  and  valves  be  so  cased  in  that  they  cannot  be 

tampered  with, 

(4)  That  provision  be  made  to  prevent  the  valves  flying  off  in  case  of 

the  springs  breaking. 
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(6)  Thftt  the  r«qaiaite  lafetj-TftlTe  Kraft  is  owod  snd  locked  np  in  the 
nsiuJ  tnuioer  of  the  Qoventment  v&tves. 

it)  Tb«t  screw  Ufting  gear  b«  provided  to  meet  sFl  the  ralTes. 
7)  That  the  lin  of  the  steel  of  which  the  aprings  ftre  msde  ia  to  be 
found  by  the  fotlowiug  formoU : — 


y-- 


D 


«  »  the  load  on  the  apriug  in  lbs. 
D  —  the  diameter  of  tbt  apriog  {from  oentre  to  centre  of  wire)  in 

inches. 
d  =  the  diameter,  or  side  of  aqnare,  of  the  wire  in  inches. 
0  -  8000  for  round  steel 
e  -  11,000  for  square  steel 

(8)  That  th«  springs  bo  protected  from  the  steam  nnd  imporitiee  isBning 

from  the  valves. 

(9)  That,  when  valves  are  loaded  hj  direct  springs,  the  compr«eaing 

screws   abnt   sgainst  metal    stops    or    washers    when    the    loads 
sanctioned  b;  tne  surveyor  are  on  the  valves. 
(10)  That  the  springs  have  a  sufficient  number  of  coib  to  allow  a  com- 

Sression   under  the  working  load  of  at  least  one-quarter  the 
iameter  of  the  valve. 
The  site  of  steel  of  springs  of  safety-valves  should  not,  as  a  rule,  be 
less  than  ^  inch. 

In  no  case  is  the  mrveyur  to  give  a  declaration  for  Bpring-iojded 
valves  unless  he  has  tried  them  under  full  steam  and  full  firing  for  at 
least  twenty  minutes  with  the  feed-water  shut  off  and  atop-valve  closed, 
and  is  fully  satisfied  with  the  result  of  the  test.  In  special  cases,  or 
when  the  valves  are  of  novel  design,  the  reaslts  of  the  test  under  full 
steam  should  be  reported  to  the  Board,  but,  if  the  surveyor  is  fully  satis- 
fied with  tbem,  he  need  not  delay  the  granting  of  the  declaration  for  the 
vessel  pending  the  approval  of  the  Board.  If,  however,  the  accumulation 
of  pressure  exceed  10  per  cent,  of  the  loaded  pressni-e,  he  should  withhold 
his  declaration,  and  report  the  case  to  the  Board  of  Trade,  aocompamed 
by  a  sketch,  if  necessary,  and  stating  the  strength  pressure  aud  the 
working  preasnre  of  the  boilers. 

In  the  case  of  safety-valves,  of  which  the  principle  and  details  have 
already  been  passed  by  the  Board  of  Trade,  the  surveyor  need  not  require 
plans  to  be  submitted,  so  long  as  the  details  are  unaltered,  of  which  he  mast 
fully  satisfy  himself;  bnt  in  any  new  arrangement  of  valves,  or  in  any  case 
in  which  any  detail  of  approved  valves  is  altered,  he  should,  before 
assuming  the  responsibility  of  passing  them,  report  particulars,  with  a 
drawing  to  scale,  to  the  Board  of  Trade. 

The  traoiuffs  of  new  safety-valve  designs  should,  if  possible,  be  trans- 
mitted to  the  Board  of  Trade  for  consideration  before  the  construction  of 
the  safety-valves  is  commenced. 

Owners,  Mtuttri,  and  BnyinterM  to  sm  thai  Valvet  are  kept  in  Prcper 
Order. — It  is  clearly  the  duty  of  the  masters  and  engineers  of  vessels  to 
see,  in  the  intervals  between  the  snrveys,  that  the  locked-up  safety-valves, 
as  well  as  the  other  safety-valves  and  the  rest  of  the  machinery,  are  in 
proper  working  order.     There  is  no  provision  in  the  Merchant  Shipping 
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Aot,  1854,  exempting  the  oiraer  of  any  vesael,  en  tbe  grouad  tbat  she 
bu  been  aarveyed  by  the  Board  of  Tnde  surveyors,  from  any  liability, 
civil  or  criminal,  to  which  he  would  otherwise  be  subjeoli.  Tbe  Act  of 
Parliament  requires  the  QoTemment  safety -valve  to  be  out  of  tbe 
control  of  tbe  engineer  when  tbe  steam  is  up;  this  enactment,  far  from 
implying  that  he  is  not  to  have  access  to  it,  and  to  see  to  its  working,  at 
proper  interval!  when  the  vessel  ia  in  port,  rather  implies  the  contrary; 
and  the  master  should  take  care  that  tbe  engineer  has  access  to  them 
for  that  purpose.  Substantial  locks  that  cannot  be  easily  tampered  with, 
and  as  far  as  possible  weather-proof,  should  be  used  for  locking  up  the 
safety-valve  boxes. 

AU  Tealt  for  Prettvre  and  Aoeumulation  an  to  b«  made  vriih  Board  of 
Trade  Oaugeg.—la  witnessing  the  hydraulic  tests  of  boilers,  &c.,  and  in 
witnessing  all  safety-valve  tests  for  acNsumulation  of  pressure,  the  surveyors 
are  to  use  the  pressure-gauges  supplied  by  the  Board  of  Trade  for  the 
purpose.  No  steam  gauge  shoald  be  used  without  having  a  ayphon  filled 
with  water  between  it  and  the  boiler. 
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APPENDIX   M. 

Admiraltt  RuLm  fob  TBarma  Matbkials  for  Machinbbt. 

(e)  Sl«d  CoMlingifor  Maehin«ry. 

Mmi  Stkil  otBtings  for  the  macbioer;  &r«  to  tatisfj  the  following 
^St^  oonditioDB : — Tensile  atreDgth,  not  leas  thui  28  tons  per  square 
inch,  with  aa  ezteoaioii  of  2  inohei  of  length  of  at  least  23  per 
cent.  Bars  of  the  same  metal,  1  inch  squue,  ahonld  be  oapable  of 
bending  cold,  without  fnctnre,  over  »  radios  not  greater  than 
1|  inchea,  through  an  angle  depending  on  the  nltimate  tensile 
■trength,  this  angle  to  be  not  leu  than  90*  at  28  tons  nltimate 
■trength,  and  not  lest  than  60*  at  35  tons  nltimate  strength,  and 
in  proportion  for  strengths  between  these  limita.  For  intricate 
thin  castings  the  extension  in  2  inches  of  length  is  to  be  »t  least 
10  per  cent.,  and  the  bending  angle  is  to  be  not  leaa  than  20*  at 
28  tons  ultimate  strength,  and  15*  at  35  tons  nltimate  strengtb, 
and  in  proportion  for  atrengtha  between  these  limits.  Test  pieces 
are  to  be  taken  from  each  casting.  All  ateel  castings  are  alao  to 
satiafactorilj  stand  a  falling  teat,  the  articles  being  dropped  from 
a  height  of  12  feet  (or  aa  may  be  approved)  on  a  hard  matstdamised 
road  or  a  floor  of  equivalent  hardnesa. 

It  is  to  be  distinctly  understood  that  oontractions  or  defects  in 
•teel  castings  are  not  to  be  made  good  by  patching,  burning,  or  by 
electric  welding,  without  the  sanction  of  the  Admmdty  overseers. 

{/)  St«d  Forgingtjor  Maekinery. 

Btsai  -^'I  ateel  forginga  are  to  satisfy  the  following  conditions  : — 

loriiiigi.  Ultimate  tensile  strength,  not  less  than  28  tons  per  square  inch, 
with  an  extension  in  3  inches  of  length  of  at  least  30  per  cent. 
Bars  of  the  same  metal,  1  inch  square,  ahould  be  capable  of  being 
bent  cold,  without  fracture,  through  an  angle  of  160  over  a  radina 
not  greater  than  \  inch.  Teat  pieces  are  to  be  taken  from  each 
forging.  Crank  and  propeller  shafts  are  to  have  teat  pieces  taken 
from  each  end,  and  the  nltimate  tensile  strength  of  the  material  of 
these  ahafts  muat  not  exceed  33  tons  per  square  inch. 

For  all  important  forgings,  such  as  crank  and  propeller  shafts, 
connecting-  and  piston-rods,  the  forgings  are  to  be  gradually  and 
uniformly  forged  from  solid  ingots,  from  which  at  least  30  per  cent^ 
of  the  top  end  of  the  ingot  has  been  removed  before  forging,  and 
at  least  3  per  cent,  of  the  total  weight  of  the  ingot  from  the  Ixittom 
end  after  forging.  The  sectional  area  of  the  body  of  the  finished 
forging  is  to  be  not  more  than  \  the  original  sectional  area  of 
the  ingot. 
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{g)  Cait  Iron. 
Test  pieces  to  be  takea  from  such  c&stingB  u  may  be  coDsidered  CMtiioD. 
neoessary  by  the  ioapecting  officer.  Tho  minimum  tensile  Btrength 
to  be  9  tons  per  square  inch,  taken  oa  a  length  of  not  less  than 
2  inobea.  The  transverse  breaking  load  for  a  bar  1  inch  square, 
loaded  at  the  middle  between  anpports  1  foot  apart,  is  not  to  be 
less  than  2000  lbs. 

(&)  Qwn-metal,  Naval  Braaa,  <md  W%iu  JKeUd. 

The  gun-metal  used  for  all  castings  throughout  the  whole  of  comini- 
the  work  supplied  by  the  contractors  is,  unless  otherwise  specified,  i^i'—j. 
to  contain  not  less  than  8  per  cent,  of  tin,  and  not  more  than  ludteataot 
5  per  cent,  of  zinc,  the  remainder  to  be  of  approved  quality  copper.  J^'^^ 
The  exact  proportion  of  tin  above  6  per  cent,  being  arruoged  as  biui,  aa 
may  be  required,  depending  on  the  use  for  which  the  gun-metal 
is  intended.  The  ultimate  tensile  strength  of  gun-metal  is  to  be 
not  less  than  14  tons  per  square  inch,  with  an  extension  in 
i  inches  of  length  of  at  least  7t  per  cent.  The  composition  of  any 
naval  brass  u^d  is  to  be : — Copper,  62  per  cent. ;  zinc,  37  per 
cent. ;  and  tin,  1  per  cent.  All  naval  brass  bars  are  to  be  cleaned 
and  straightened.  They  are  to  be  capable  of  (1)  being  hammered 
hot  to  a  fine  point,  (2)  I^ing  bent  cold  through  an  angle  of  75°  over 
a  radius  equal  to  the  diameter  or  thickness  of  the  bars.  The 
ultimate  tensile  strength  of  naval  brass  bars  f  inch  diameter  and 
under  is  not  to  be  less  than  26  tons  per  square  inch,  and  for  round 
bars  above  j  inch  diameter,  and  square  bars  not  less  than  22  tons 
per  square  inch,  whether  turned  down  in  the  middle  or  not.  The 
extension  in  2  or  4  inches  of  length  is  to  be  at  least  10  per  cent. 
Breaks  within  leas  than  ^  inch  of  the  grip  are  not  to  count. 
Cuttings  from  the  propellers  and  other  important  gun-metal  cast- 
ings and  naval  brass  work  will  be  sent  to  Portsmouth  dockyard  for 
analysis.  The  white  metal  used  for  bearing  surfaces  is  to  contain 
at  least  85  per  cent,  of  tin,  not  less  than  8  per  cent,  of  antimony, 
and  about  5  per  cent,  of  copper;  sine  or  lead  should  not  be  used. 
The  brasses  are  to  be  carefully  tinned  before  filling  with  white 
metal. 

The  gun-metal  castings  are  to  be  perfectly  sound,  clean,  and  cuuuga 
free  from  blowholes.     The  steel  castings  are  required  to  be  clean,  vid 
sound,  and  to  be  out  of  twist,  and  as  free  as  possible  from  blow-   °'^'*' 
holes  ;  the  steel  forgings  are  required  to  be  quite  sound,  clean,  and 
free  from  all  flaws.     All  castings  and  forginga  must  admit  of  being 
maahined,  planed,  and  bored  to  the  required  dimensions  ;  and  no 
piecing,  patching,  bushing,  stopping,  or  lining,  will  be  permitted, 
nor  will  any  manufactures  in  which  these  conditions  have  been 
infringed  be  accepted.     In  coses  of  doubt  as  to  the  suitability  of 
castings  or  other  materials,  for  the  purpose  intended,  early  refer- 
ence idiould  be  made  to  the  iaspeoting  officer  to  avoid  subsequent 
delay  by  the  rejection  of  such  parts  after  delivery.    The  whole  of 
the  steel  plates,  angles,  and  rivets  used  in  the  construction  of  amy 
part  of  the  work  supplied  is  to  be  manufactured  by  the  Siemena- 
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Hutin  process.  All  outings  «r«  to  be  or  st«el  or  gan-metal, 
except  where  otherwise  specified ;  Kod  all  forgiugs,  pUtes,  bolts, 
kc,  ftre  to  be  of  steel.  Ho  steel  is  to  be  toughened  without 
■snotioQ  from  the  Adminltj. 

Copper /or  Pipea. 

cvpw-  Strips  out  from  the  stestn  and  other  pipes,  either  longitndinsllj 

or  trMiBverselj,  kre  to  hsve  »n  oltimnte  tensile  strength  of  not  less 
than  13  tons  per  square  inch  when  sonealad  in  water,  with  an 
elongation  in  length  of  2  inches  or  4  inchea  of  not  less  than  35  and 
90  per  oeot  respeotivelj.  Such  atripa  are  also  to  stand  bending 
through  180*  oold  antil  the  two  aides  meet,  and  of  hammering  to  » 
fine  edge  without  cracking. 

TrwUmera  of  Mild  Sled. 

BwwDW  All  plates  and  fnmaoes  for  boilers  and  steam  pipes  are  to  be 

^S^mi*  treated  as  follows,  with  a  view  of  removing  the  black  oxide  or  scale 
formed  during  manufacture  :— The  plates  and  furnaces,  previoiis  to 
their  being  taken  in  band  for  working,  are  to  stand  for  not  leas 
than  8  hours  in  a  l>4ntd  oonsisting  of  19  i>arts  of  water  and  1  of 
hydrochloric  acid.  The  plates  should  be  placed  in  the  bath  on 
edge,  and  not  laid  flat.  When  the  plates  and  furnaces  are  removed 
from  the  dilnte  acid  both  the  surfaoes  are  to  be  well  brushed  and 
washed  to  remove  anv  scale  which  may  still  adhere  to  tbem.  They 
should  then  be  placed  in  another  similar  bath  filled  and  kept  well 
supplied  with  fresh  water,  or  be  thoroughly  washed  witb  a  hoee,  as 
may  be  found  necessary.  The  plates  on  removal  from  the  fresh 
water  should  be  placed  on  edge  to  dry.  This  treatment  is  to  be 
carried  out  on  the  premises  where  the  boilers  and  pipes  are  made. 
Oold  bM*-  All  plates  or  bars  which  can  be  bent  cold  are  to  be  so  tivated ; 
^  and  if  uie  whole  length  cannot  be  bent  cold,  heatiog  is  to  be  had 

recourse  to  over  as  little  length  as  possible. 
Hriiuiki        The  front  and  end  plates  of  the  Doilers,  and  also  all  other  plates, 
BMigiag'     including  those  for  the  combustion  obambers,  are  to  6e  fiangtd  by 

hydraulic  pretntr*,  and  in  as  few  heats  as  possible. 
Daivuoiii        In  cases  where  plates  or  bars  have  to  be  heated,  the  greatest 
^l^ij^  care  shoald  be  taken  to  prevent  any  work  being  done  upon  the 
•raU^.     material  after  it  has  fallen  to  the  duigerous  limit  of  temperature 
known  as  a  "blue  heat"  —  say  from   600°  to  400*   Fahrenheit. 
Should  this  limit  be  reached  daring  working,  the  plates  or  bars 
should  be  reheated. 
atiw*!!!"!-        Plates  or  bars  which  have  been  worked  while  hot  are  to  be 
snbsequentty  annealed  simultaneously  over  the  whole  of  each  plate 
or  bar. 
mionot        ^^  oases  where  any    bar  or  plate  shows  signs  of  fiuiore  or 
iHtaL       fracture  in  working  it  is  to   he  rejected.      Any  doubtful  oasss 
are  to  be  referred  to  the  Admiralty. 
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Tdrbikes. 

The  steam  turbine  is  nov  no  longer  in  tlie  eiperimental  Btage  bo  far  as 
marine  propnision  is  conoemed,  inasmnch  as  ships  of  all  sizes  in  both  the 
Naval  and  Mercantile  Services  have  been  tried  with  such  motors,  with 
results  snffioientl;  satisfoctorjr,  it  would  seem,  to  warrant  the  placing  of 
orders  for  more  shipB ;  and,  so  far  as  the  Admiralty  is  conoemed,  to  the 
esclusioti  of  the  reciprocating  engine.  It  remains,  however,  to  be  seen  if 
such  a  course  is  justified  by  tbe  test  of  time ;  for,  after  all,  mere  speed  is 
not  the  only  thing  of  importance  in  warships  of  every  sort,  or  even  in  all 
kinds  of  passenger  steamers.  The  small  screws  and  methods  of  reversing 
tbem  mast  always  make  the  ships  having  them  somewhat  unhandy,  and,  in 
a  battleship,  manceuvring  powers  seem  to  be  of  even  higher  importance  than 
speed.  Moreover,  with  the  larger  powers,  the  difficulty  of  dealing  with  tbe 
huge  and  heavy  narts  of  the  turbine  and  its  case  preclude  such  repairs  at 
sea  as  are  possiole,  and  have  been  accomplished,  with  the  reciprocating 
engine ;  and  these  repairs  will  be  difficnlt  in  most  foreign  ports  and  stations 
where  crane-power  is  limited.  In  the  case  of  a  breakdown  of  a  comparatively 
small  nature,  stoppage  is  a  necessity ;  whereas,  with  tbe  old  engine,  it  is 
not  always  so,  and,  generally,  some  sort  of  a  repiur  was  possible  by  the 
engine-room  staff  to  enable  the  reoiprocators  to  bring  the  ship  into  port. 
The  design  and  mann&ctnre  of  the  turbine  is  an  art  to  itself,  and  cannot  be 
dealt  wiUi  satisfactorily  in  such  a  work  as  this ;  moreover,  it  has  been  done 
so  fiilly  and  admirably  by  Mr.  A.  Jude,*  whose  book  may  be  studied  to 
great  advantage  by  all  interested  in  the  subject  of  marine  propulsion. 
But,  for  a  summary  of  the  subject,  perhaps  one  cannot  do  better  than  read 
what  Mr.  Frank  Foster  has  sud,  vis. ; — 

"The  turbine  itself  is  naturally  a  very  high-speed  machine,  and  the 
screw  propeller  a  relatively  slow-speed  machine.  A  compromise  has  to  be 
made— the  turbine  speed  being  reduced  while  that  of  tbe  propeller  is 
increased.  For  instance,  if  tbe  blades  of  a  large  marine  turbine  were  to 
hare  »  peripheral  speed  of  300  feet  per  second — which  is  often  exceeded  in 
land  practice — and  the  screw  propeller  were  to  retain  its  normal  speed  of, 
say,  90  revolutions  per  minute,  the  diameter  of  the  rotor  would  be  64  feet 
Needless  to  say,  this  is  impossibly  big,  and  in  practioe  the  blade  speed 
would  be  cut  down  to  about  one-third  tbis  value,  while  the  revolutions  per 
minute  would  be  doubled  or  trebled.  This  reduction  in  the  normal 
peripheral  and  rotational  speeds  of  the  turbine  profoundly  influences  both 
turbine  and  propeller.  It  is  very  nearly  true  ^at  the  number  of  stages 
required  varies  inversely  as  the  square  of  the  blade  speed,  so  that  reducing 
the  mean  efleotive  blade  speed  by  60  per  cent,  will  quadruple  tbe  number 
of  stages.     Also,  the  diameter  of  rotor  necessary  to  attuu  a  given  blade 

*  The  Theory  t^lhe  Sitam  Turbine,  by  A.  Jnde.     (Charles  GriOin  ft  Co.,  London,  1M6.) 
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Speed  is  invereelj  proportional  to  the  revolutions.  These  two  foctora 
combine  to  make  the  tnrbine  bulky,  heavy,  and  expensive.  In  most 
marine  tnrbines  there  is  no  considerable  saving  in  weight  or  cost  as 
compared  with  reciprocators.  Floor  space  is  not  saved,  although  head 
room  is,  and  the  attendance  required  is  often  somewhat  redaoed.  The 
inflnence  on  the  propeller  of  the  increttsed  rotational  speed  is  considerable. 
The  size  of  the  propeller  is  reduced,  and,  in  order  to  partially  overcome 
this  difficulty,  three  propellers  are  commonly  used,  with  the  blades  very 
considerably  widened.  Two  or  three  propellers  have  been  placed  on  the 
same  shaft  with  the  object  of  increasing  the  propeller  area,  but  this  cannot 
have  any  great  influence  for  good.  In  spite  of  these  changes,  the  combined 
propeller  disc  areas  are  generally  too  small,  with  the  result  that  the  slip 
must  be  great. 

"The  Bcrow  propeller  is  a  fluid-momentnm  engine.  It  influences  or 
controls  a  certain  weight  of  water,  giving  to  it  a  certain  sternward  velocity, 
and  thus  imparting  to  the  water  a  certain  quantity  of  momentum.  The 
forward  thrust  on  the  ship  is  precisely  equal  to  this  momentum.  Now,  it 
is  usually  considered  that  all  the  water  passing  through  the  propeller  circle 
is  acted  apon  by  the  propeller,  and  hence  the  smaller  this  circle,  or  circles, 
the  greater  mast  be  the  water  velocity  across  it;  for  we  know  tiiat  the 
momentum  imparted  to  the  water  is  strictly  proportional  to  the  product  of 
the  quantity  of  water  passing  per  second  and  the  velocity  given  to  it. 
Consequently,  reducing  the  area  of  these  circles  requires  an  increase  in 
the  sternward  velocity  of  the  water — that  is,  in  the  slip.  The  effect  of 
increasing  the  blade  widths  is  to  enable  them  to  more  effectively  control 
the  water  passing  across  the  propeller  circle,  and  therefore,  iu  reality,  to 
increase  the  efi'ective  quantity  of  water  passing.  This,  however,  is  only 
useful  up  to  a  certain  point,  and  there  is  the  increase  in  the  friction  of  the 
propeller  to  be  remembered.  This  propeller  friction  is  also  increased  by 
the  small  pitch  ratio  which  has  to  be  adopted.  The  result  is  that  the 
(HctioD  loss  and  the  kinetic  energy  thrown  into  the  wake  are  both  high 
and  the  propeller  efficiency  correspondingly  low. 

"As  a  set-off  against  this,  we  have  the  fact  that  the  mechanical  efficiency 
of  the  tnrbine  and  its  propeller  shafting  is  considerably  greater  than  that  of 
a  corresponding  reciprocating  engine,  due  to  the  greater  simplicity  of  the 
turbine  itself,  to  the  practical  balance  of  the  end  thrust  without  the  use  of 
a  lat^e  thrust  block,  and  to  the  smaller  size  of  shaftiDg  required.  The 
adoption  of  steam  turbines  is  limited  by  questions  of  economy  and  cost. 
In  alow  or  low-powered  ships,  the  diameter  or  length,  or  both,  of  the 
turbines  is  bound  to  be  great  and  the  turbine  expensive.  If  the  diameter 
is  as  large  as  is  necessary  in  order  to  secure  a  reasonable  blade  speed,  the 
blade  length  becomes  very  small  and  the  internal  leakage  of  steam  over  the 
blade  tips  relatively  targe,  with,  consequently,  a  considerable  reduction  in 
economy.  This  last  objection  applies  mainly  to  '  Parsons ' — reaction — 
tnrbinea  and  not  to  impulse  turbines,  as  in  the  latter  case  partial  peripheral 
admission  of  the  steam  from  the  fixed  blades  is  possible,  and  there  is  no 
appreciable  clearance  leakage  over  the  blade  tips.  The  former  objection — 
that  of  bulk  and  cost — applies  to  impulse  turbines,  and  it  is  doubtful  if 
turbines  can  be  successfully  applied  to  any  type  of  ship  of  less  than  13  or 
14  knots  speed,  and  for  all  except  the  very  largest  ships  the  limit  is 
probably  nearer  16  or  17  knots.'  Professor  Bateau  plaoei  the  limit  still 
higher. 
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700  handal  or  harimb  ehginkkbino. 

"  Th«  prooAding  genenlis^on  should  be  qu&liAed  to  some  extent.  The 
UM  of  s  low-presBBre  turbine  taking  staam  st  nther  leu  thsn  atiDos[d)erio 
preMore  from  a  recijavcsting  nngina  would  be  qoite  practicable  for  com- 
P^rativelj  ■  mall -powered  and  slow-^wed  ships.  Tbe  combination  would  be 
esoeptionallf  eoonomioal — quite  10  per  cent  better  than  the  exiatiiig 
reoiprocating  engines — and  would  further  ensure  ample  manmurring  power 
without  the  employment  of  astern  turbines.  At  present  most  turbine 
boats  Isck  maumuTring  power,  a  quality  of  most  importance  where  the 
runs  are  short,  as  in  cross^hannel  and  river  serrioe.  Undoubtedly  the 
best  conditions  for  sncoessfnl  turbine  propulsion  are  high  speed,  gre^ 
power,  and  calm  weather.  As  uiually  fitted  on  board  ship,  there  are  three 
'  Parsons'  turbines  on  separate  shallis.  The  high-pressare  turbine  ia  on  the 
oentral  shaft,  and  exhausts  into  two  low-pressure  turbines  in  parallel- — 
thermally — on  the  wing  shafts.  These  wing  shafts  also  carry  astern 
turbines  plaoed  at  the  exhaust  ends  of  the  main  turbines,  so  that  when  the 
ship  is  going  ahead  the  turbines  are  rerolving  in  the  eoudenser  racnam 
and  offer  very  little  resistanoe." 
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Actual  me»n  pteBBore  in  praotiM,  oaoMe 

of  loBB  ol,  121. 
Admiralty  broma,  504. 

„         Doninal  hons-power,  mie  for 

obteiniug,  22. 
„  apara  mai,  631. 

,,         teats  ol  ii)at«rial,  686,  SM. 
Adalt«ratioa  of  oila,  fiU. 
Air-pump,  230. 
„       „      donble-uttiag,  212. 
„       „      Edwarde*  patent,  242. 
„      „      horiEontal,  24S. 
„       „      rods,  244. 
„       „      lingls  acting  vertical,  242. 
,,       „      sice  of,  243. 
„       „      Talrea,  24?. 
„  -ptunpa,  efficiency  of,  243. 
„  -Teasels,  260. 
Alioirance  for  wear  id  boiler  material,  4C0. 
Alloys,  093. 
Almniiiiuni,  592. 
Angle  bar-iron,  BBS. 
Animal  oils,  609. 


Antimony,  693. 

A  pparent  slip,  322. 

Area  of  fire-grate,  386,  401. 

,,     „  injection  orifice,  226. 

„     „  one  float  of  a  feathering  paddle, 

3ie. 

„    „  pump  valve*,  2S3. 

„    „  *crew  blades,  329. 

„    „  uptake  and  funnel  sectiona,  393. 

„  Uirough  air-pnmp  valve  seats,  261, 

„        „        boiler  tube*,  392. 

„        „        circulatiDg-pnmp  valve  aeata, 
2C3. 

„         „        stop-  and  throttle-valves,  138. 
Arrangement  of  cylinders,  98. 
ArtiScial  draught,  304. 
Ash-hoUt,  &ee%  494. 
Aaaistont  cylinder,  Joy's  pat«nt,  270. 
Auxiliaries  and  appurtenances  to  marine 

engines,  G18. 


Auxiliary  oondenser,  396. 
„        machinery,  330. 
„        pumps,  343. 
vdvea,  144. 


BtBBin'a  white  metal,  S06. 

Baboook  ft  Wilcox  boiler,  405. 

Back  guideaand  nirioga  for  ^ide  valves,  27S. 

„    pressure,  1^ 

„    rods  and  trunks,  167. 
Balance -pistons,  2T6. 

„       weights,  the  design  of,  076. 
Balanced  double  alide  valve,  270. 


engine  with  any  number  of 

<i  preliminary  definitional  HI. 

„  theaiDgle-crankensine,(i62,566, 

Bar  link,  double,  '284. 

,,   links,  size  of,  286. 
Boeilens'  metal,  695. 
Beam  engine,  types  of,  2. 
Bearing,  outer,  197. 
Bearings,  caps  or  keeps  for  nudn,  218. 

„        main,  216. 
Bed -plates  and  foandationa,  21fl, 
Beldam's  patent  air-pump  valve,  2S1, 
Bell  orank  engine,  ezam^e  of,  3. 
Belleville  boiler,  420. 
Bending  of  ahafts,  reaistanoe  to,  181, 

,,        momenton  ahafts,  ISO. 
Bevis'  patent  feathering  screw,  337. 
Bessemer  steel,  6S9. 
Beat  bar,  682. 

„     beat  bar,  682. 
Bilge  injection,  327, 

„     -pnmps,  282. 

„     suction  piping,  342. 

,,     -valves,  341. 
Blade,  area  of  screw,  329. 

„      thi«kne«s  of  screw,  330. 
Blades,  materials  for  screw,  335, 
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BoMd  (rf  Tnde  ralM  f  or  bdkn,  6S1 

,.  „  „       pip«^  !MS. 

,,  >,  »        Mlel;  nlTM,  889. 

.>  ),        ihkfta,  aot,  676. 

H  M  »        ipara  BMT,  4S8. 

„  „     tatfa  of  nuteruO,  S87. 

Body  «■  bftirel  of  cjlioder,  ISl, 

„  of  tbe  pulm,  109. 
Bi^er  and  meui  preaima,  OM. 

„  Baboook  &  Wiloox,  406. 

„  BelleriUe,  490. 

„  Bleobytid«u'*,  414. 

„  dolhjiig,  484. 

„  Oaohnu'i,  ST4. 

„  oyliDdriiMl,  37S. 

„  IVAUert,  40S. 

ff  dinMDuoiu  off  3BA. 

„  dr;  oonbiwtioa  obMnber,  380. 

„  dotible-eudad,  377. 

„  IMIiT,  426. 

„  Dn  Temple,  417. 

„  -and*,  melbod*  ai  orauwoUng  «od- 
pktM  to  ahella,  461. 

I,  feed-pump,  3S7. 

„  PerguKO  i  PUmiiig'a,  414. 

„  HerreehoO;  404. 

„  HohemtuD,  426, 

„  Holty  380. 

„  looomoUv«,  384. 

„  Uiyaban,  426. 

„  Niclanise,  426. 

,,  Nonuand,  411. 

„  Perkins',  403. 

„  reotuigiUar,  372. 

„  Beed's,  418. 

,,  ufetv  tkItc,  473. 

„  ■■eetinn  or  Wiingi,  487. 

„  SMton^a,  414. 


orlindnoal,  441. 
;;     StlrUng,  426. 
„     aU)p-Tai<r«,  471. 
„      Thomycroft,  417. 
„  „  -ManhaU.  427. 

„      two  Ifpea  of  water-tabe,  403. 
,,      vertical  ryliDdrioal,  383. 
„      Watt'a,  406. 
„     WhiU'a.  42a 
„     White  Poratei'a,  417. 
„      Yarrow,  414. 
Boilers,  Ico.,  atteoea  in,  B1(L 

donble-ended  locomoUve,  368. 

effloienof  of,  392. 

gunboat,  S83. 

oval,  380. 

rulea  for,  Adntlraltj,  MS. 

Board  of  Trade,  634. 
„        Bureau  Teritaa,  662. 
„        BritiBh  Corporation,  647. 
„        German  OoTemment,  667 . 


Boilaia,  rulea  for,  Uovd'a  Regiater,  612. 
Bolta,  k>ak,  161. 

„      ooonealing-rod,  174, 

„      oonpling  194. 

„      holding  down,  146. 

„      junk  ring,  161. 
-  ■'    bearing,  219. 


196. 


ive-rod,  378. 
Bwing  hole*  in  ojUnder  coda,  144. 

„      tbe  atempost,  486. 
BoM,  propeller,  3  ~  ~ 


mod,  26 
staffing, 


otmneoting-rod,  176. 
main  beanng,  219. 
Biemme'a  valve  gear,  620. 
Britiali  Corporaboo  boiler  ateel,  S88,  678. 
„  „  rnlee  for  boilert,  647. 

„        BhBfta,a06. 
„  „         spare  gear,  629, 

Bronw  or  gnninetal,  694. 
„  Admiralty,  694. 
„  Uanganeae.  694. 
„      Phosphor,  094. 


Brown's  patent  n 


gear,  491, 


,,       steam  tiUer,  363. 
Bucket,  oireulating  pamp,  S03. 


Bucklsj'i  patent  piston. 
Built  orank-ah&fta,  193. 


167. 


■ahafto,  II 
BnH'a  metal,  SOS. 
Bureau  Veritas,  rules  for  boilers,  662. 

■hafta,  208,  esa 

„  >.       spare  gear,  630. 

Bnah,  Item,  196. 
Boshes,  „     199. 


CAMtAM'a  patent  iDbrioatora,  600. 
"      GoroD'a  patent  braler  logins,  4B6. 

„  ,,     piatoD  ring,  167. 

Capacity  of  boiler-shell,  Sttt. 
Cape,     Auabalian,     ud     East     serrico 


Oapa  of  oonneeting-iod  brasses,  177. 

„    or  ksepa  for  main  baarings,  218. 
Casing,  brass,  thiokDeae  of,  on  aorew  shafts, 

199. 
Cast  iron,  679. 

„         speoifio  gravity  of,  SSI. 
„         strength  of,  681. 
Cast  steel  piabm-rod  oroeahMd,  166, 
Causes  of  uias  of  ansrgj,  28. 
Cementing  ooodenser  paasagea,  239, 
Centrifogal  coroulating  pomp,  266. 
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Chimn^  dnaght,  SM. 

ChoiM  of  engiiiA,  68. 

.   Cironlating  pump,  261. 

„  „       buokst,  2S3L 

„  „       rods,  263. 

„  „       iiM  of,  2S2. 

„  „       TalTOB,  263. 

„         tabea,  402. 

„         wat«T,  puaue  of,  237. 
Circomferential  aMini  of  boilers,  449. 
aearance.  III,  I2Z 

„         utd   oiuhioDing,   general   eff«at 
of,  113. 


Clothing  of  boilert,  484. 

„  cylinders,  149. 

"Cobn,"  8.*.,  aa  fitted  with  rotetory  or 

turbine  engines  (Parsons),  12. 
Coobran's  boQer,  374. 
Cock,  ezb-a  supply,  238. 
Cocks,  druD,  14G,  238. 
Coefficient  of  fiaeDses  of  a  ship,  39. 
,,        prinn  or  wat«r  line,  40. 
CoAffidenta  OE  friction,  616. 
Coe  A  ^ngboro's  patent  valves,  249. 
Cog-wheels,  use  of,  10. 
CoM  blMt  iron,  680. 
CoUan,  safety,  348. 

„       thrust,  diameter  of,  202. 
Column  facings  and  foet,  1M>. 
Colamns,  220. 
Combusti<Hi,  369. 

„  chambers,  460. 

„  rate  of,  364. 

Common  or  jet  condenser,  224. 

„        „  looomotive  slide-valves,  266. 

I»ddle-wheel,  311. 
„        piston  rings,  166. 
„       relief  frame  for  slide-valves,  272. 
„       sUdft-valvee,  diagram  for,  297. 
Commnnicalion  boxes,  342. 
ConipAralive  efficiency  of  marine  engine, 

82. 
Compound  engine,  division  of  work,  79. 
,,  ,,      origin  of,  74. 

,,  and    expansive    enginM    com- 

pared, 78. 
oilB,  613. 
Compression  and    back    pressure    due  to 
"lead,"  122. 
„  or  cushioning,  112. 

Condenser,  236. 

„         ftoziliary,  366. 
„  common  orjet,  224. 

„  Burfaoe  2*^. 

„  „       testing  of,  239. 

tabes,  228,  231. 
Condensing  and   non-condensing  engines, 

efficiency  of,  26. 
Connecting-rod  bolts,  174. 
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Connecting-rods,  173- 

,,  Gudgeon  end  of,  177. 

CoDSbnotion  of  valve  diagrams,  308. 
Consumption  of  fuel,  3SS. 
Cooling  surface,  230. 

„      water,  quantity  of,  237. 
Copper,  69a 

,,       pipes,  490. 
Cost  of  mariae  machinery,  617- 
Coapling  bolts,  194. 
Couplings  of  shafts,  104. 
Coutts'  and  Adamson's  governor,  49S. 
Covers,  cylinder,  147. 

„      valve-box,  149. 
CraJik,  Bell,  engine,  example  of,  3. 

„      overhang,  186. 

„      aequBnce,   effect    of,   on    indicator 
diagrams,  30S. 

„      -shaft  of  screw  engine,  189, 

,,      -sbafia,  182. 

„  ,,       bnilt,  19a 

„  „      details  of,  213. 

,,      two,  engines,  equivalent  of,  10. 
-pins,  surfaoe  of,  196. 
ihannel   express   servioo  steamers, 


Cross   < 


el9. 

„       kevs  for  shaft  couplings,  190. 
CroBsheads  and  gudgeons,  166,  169, 
Cumberland  iron,  680. 
Cut-off,  variation  in,  304. 
„       valves,  inside,  291. 
„  „      outside,  290. 

Cutting  off  at  the  inside  edge,  304. 
Carve  of  LH.P.,  how  to  construct,  48. 
„       revoluUoQS,  49. 
„        slip,  bow  shown,  49. 
„       twisting  momeuta  on  shafts,  182. 
Corves  of  free  force  and  couples  foramnlti- 
crank  engine,  568. 
„      reeulta  obtained  by  examination  of, 
49. 
Cylinder,  annnlar,  10. 

„        body  or  bMrel,  ISl. 
„        capacity,  ratio  of,  86. 
„        cover  studs  and  bolts,  148. 
,,        covers,  147. 
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276. 


„       open,  10. 

„        oscillating,  when  used,  11, 

„        position  of,  6. 

„        small  doors  uid  covers,  149. 

„        to  calculate  diameter  ot,  136. 

„  twin,  engine,  10. 
Cylinders,  arrangement  of,  98. 

„         as  foand  in  actual  practico,  105. 

„         diagonal,  146. 

„         horizontal,  146. 

„  oscillating,  146. 
Cylindrical  boiler,  375. 
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D  suDS-TALTH,  loiw  mai  ihort,  205. 

D'All««t  boiler,  US. 

D*we  and  Holt'a   paleot  nliaf  frMM  hr 

ilide-TklTM,  271. 
"DelAvU"lqrbo-motor,  12,  107. 
DelU  meUl,  695. 
UeTbynhiro  iron,  MO. 
Design,  affect  of.  Oil. 

„       of  b»Uno«  weiahU,  S7C. 

, ,       TBiiatians  of,  St. 
DeUila  of  onuk-tluft^  213. 
Dikgoo*!  ayliDdera,  1M> 

„        •nglne^6l. 


Disgrun,  indiotor.  how  oJenUtad,  22. 

,,        ZeniMr'i,  for  indapciidait  einui- 
■ion  vftlvei,  303,  300. 

„  „        for  ■Ude-valToa,  297. 

DiameUr  and  pitob  of  •  tcraw  propsUer, 


,  ciraolatiogpuniptnationpipaa. 


ihaftingi— I 
Tmb,  ke.,  TulM,  208,  67a. 
„         „  Bhafta,  rulM  for,  20^ 
„        „  thrust  colUn,  SOS. 
1>inieniionB  of  a,  boiler,  ISO. 
Lhrect-aclingengine.ohuigeot  podtion,  II. 
„  „        inverted,  02. 


tionof.lS. 
Direct  expiuuion  compound  engine,  SOi 
Directing  boxes.  263. 
Disc  engine,  invention  of,  11. 
Discharge -pipe,  aise  of,  238. 


valve 


,.141. 


Donkey' pumps,  34B. 
Doors  to  OMingB,  small,  140. 
Double-soting  air-pomp,  242. 

„  oiroulatmg  pumpo,  292. 

Double  bar  links.  2S4. 
Double-ended  boiler,  377. 

„  locomotive  boilers,  3S0. 

Double  engine,  or  two-orank  two-eylinder, 
64. 
„      valves  260. 
Double-ported  valve,  143,  266. 

„     rules  for,  28a 
valves,  143. 
Drain-eooks,  145,  238. 

„    -pipes,  002. 
Draught,  artificial,  361 


Dn^  in  the  reoeiver,  effect  of,  79. 

Dnuna,  steaiB,  403. 

Dry  oombnatioD-ohamber  boiler,  3S0. 

„    steaiB,  111. 
Dianlop'a  goventov,  406. 
Durham  uid  Charohill's  velometer,  40S. 
Dflrr  boiler,  «US. 
Du  Temple  boiler,  417. 
Dynamic  valve  gear,  Haokwortli'B,  280. 


Eotn;<Tiuo  gear,  ain^  286. 
rods,  290. 
,,  straps,  294. 

Eooeutrioa,  202. 
Boonomio  speed  of  ahip,  40. 
Eklwarda'  patent  air  pump,  242. 
Effect  of   orank    aeqnence    on    indioatcr 
dia^rama,  308. 
„        „    drop  in  the  receiver,  79- 
„        „    heal  on  the  strength  of  DWtals, 

606. 
„        ,,    inertia  and  weight  in  balancing, 

671. 
,,        ,,    materiala,  010. 
„        ,,    "notohing  up,"  301. 

„    various  kiada  and  atreasee,  Oil. 
EBeota  of  increase  of  pressure,  75- 
Bfficiency  of  air-pnmps,  243. 
boilers,  3(^ 
„  engine,  28. 

„  engines,  fartheroomi 

„  beating  aurfaoo,  391 

„  the  furoaoe,  ftOft. 

„  the  various  kioda  of  Ike  iBarime 

engine,  82. 
Ejeoton,  263. 

Elnstio  limit  or  field  pcant,  914. 
Electric  lighting  enginea,  350. 
Eltia  A  Eaves'  ayatem  of  draught,  366. 
Engine,  beam,  2. 
„      ohoioe  of,  6S. 
„       ooupound,  origin  of,  74. 
„       diagonal,  or  inclined  direot-aeting, 

„  different  forma  of,  2. 

,,  direct-acling,changeofpoeltion,ll. 

„  direct-eipanmon  compound,  80. 

,,  disc,  invention  of,  11. 

,,  efEmency  of,  bow  atfeoted,  2S,  8S. 

„  elementary  ateam,  74. 

„  expansive,  70. 

„  live-crank,  68. 

„  framing,  221. 

„  friction,  617. 

„  grasshopper,  when  need,  S, 


Cooc^lc 


oBOiUatiDg,  advMitag?B  of,  fi. 

„         ooaamnption  of,  0. 
paodulDiD,  wb«n  OMd,  11. 
P«dd'i  trunk,  13. 
reoeiver  compound,  78. 
TsquisiMa  in  the  nurine,  SI. 
leliirD  ooniiMting-rod,  11,  16,  60. 
„  „       BDMO  ooonpied 

by.W. 
•Mtiii^486. 
MleetioD  of,  IS. 
■ids-lever,  2,  63. 
nngla-oniik  compound,  ML 
(team  and  ether,  26. 
steeple,  S. 

triple- expMuioD  compound,  S9. 
trunk,  10,  11,  13. 
twin-oylinder,  10. 
tinMlTMlk  two.cylinder,  or  double, 
64. 
„       three-oj'linder,  64. 
TMtical  diract-aoting,  constmctioD 
of,  12. 

Bngioet,  onnb  shaft  or  screT,  1S9. 
diagonal,  advantages  of,  61. 
,,        siogle- cylinder,  9. 
entebUtare    of    oeoillating    and 

steeple,  223. 
expanaive   and    compound   oom- 

pored,  78. 
four-crank,  67. 
osoillating  and  steeple, entablature 

of,  223. 
paddle,  bTeath  of,  09. 
„      length  of,  99. 
qoadraple  expansion,  101. 
rotatory,  description  of,  11. 
screw,  im[HVT«ment  of,  10. 
„      length  of,  61. 
„      space  ocxmpied  by,  60. 
six-crank,  68. 
tandem,  68. 

three-crank  four-  and  five-oylii 
der.  67. 
,,  six-cylinder,  67. 

„  tbree-oylinder,  44. 

triple-exDanaion.  8. 


•pace  ooon^ed  by,  60. 
tak,  equivalent  of,  10. 


181. 

Escape  or  relief  valve,  14S. 
"Estimated"  hoise-po«rer,  roles  for. 
Evaporation,  360. 
Evaporative  power,  371. 
Evaporators,  239,  604. 
Exhaust  posuges  and  pipes.  139. 

„        valve,  through,  273. 
Expansion  engines,  quadruple,  101. 


Expansion  engines,  triple,  80. 
,,         joints,  347. 
„         valve,  oentral  position.  303. 
„  „      cutting  off.atinsideedge, 

304. 
„  „      ontting    off,    at   outside 

edge,  305. 
,,  „      on  independent  face,  303. 

„  „      for   oompouud   engines, 

202. 
„  „      gridiron,  289. 

,,  „      piston,  202. 

Expected  mean  pressure,  graphic  method  of 
oilcnlaiing,  126. 
„  „  „        pmotioalmeUiodof 

caloulating,  126. 

Bipreas  modem  ocean  steamer.  — ' 

a,  <10. 
Extra  supply  cook,  238. 


Falab  faces  on  steam  cylinders,  I4!! 
Feathering  floats,  313. 

„        screw,  Bevis'  patent,  337. 


437. 

,,     check-valves,  478. 

„    filters,  606. 

„     -heater.  Weir's,  602. 

„     -heatera,  602. 

„     -pipes,  260. 

„     -pump  air  vessels,  260; 

„         „     relief  valves,  260. 

„         „     rod,  281. 

„     ■pumps,  267- 

„    -tank,  261. 

„    valves  and  valve-boxes,  260. 

„    -water,  gross,  267. 
„       net,  267. 
Fenton's  white  metal,  09S. 
Ferguson  ft  Fleming's  boiler,  414. 
Fire-bars,  470. 

„         Henderson's  patent,  471. 
,,        Martin's  patent,  470. 
Fire-grate,  area  of,  380. 

,,  -places  in  water-tube  boilers,  438. 
Fitting  the  machinery  into  the  ship,  48G, 


Fixed  parts  of  a  marine  engine,  630. 

Flanges  for  copper  pipes,  348. 

Flat  surfaces  in  oast  iron,  160. 

Float  of  a  feathering  paJ:idte,  area  of  one. 


igiiMa,  2  IS. 
Fonr-oruik  dDgioee,  47. 
Fonr-ojliDdar  enginea,  two-«TMik,  64. 
„     «od    ST«-e;liDder    etigiiiet,    three- 
omik.  67. 
Fnana,  paddle-wheal,  316. 
FramiDg,  engine,  221. 
Friotion  uid  lurfaoe,  31. 

„         aSkOMlMlrf  lOMOf  IDMIl  pTMtiire, 

121. 
„        at  iliaft-joamKU,  29. 
„        ooefiSoienU  of,  31,  016. 
,,       of  engiaes,  617- 
„        „  guides  and  Blide*,  29. 
„        „  piston,  28. 
„        „  ihftftjonmali,  30. 
„         „  rtuffing'boiea,  S9- 
„         ,,  valve  motioiu,  32. 
PHctlDiui  teuBtuioe,  how  caused,  12. 
Fuel,  369,  SIS. 
„      consumptioii  of,  388. 
„     reUtive  aoDiumptioD  of,  84. 
Fuels,  patent,  361. 
Funsct,  467. 

size  of,  367. 
Furnace  fronU  and  doors,  469. 
rurii.t(.i^^».  453. 

„         elGcieiicy,  353. 


Gaugea,  496. 

Gear,  Jlarkworth'g  dynamic  valve,  286. 

„      Joy's  Talvo,  288. 

,,      Marshall's  valve,  2HT. 

„      reversing.  296. 

„     Rlngle ec<eotrio,  285. 

„      Belt's  valvo,  288. 

„      spare,  618. 

,,      valve.  281. 
Gearinu.  nheel,  introduction  of,  10. 
Gears,  at^^am  steering,  352. 
General  definition  of  the  problem  of  balanc. 

Qertoan    Oovemment    rules    for    boilers, 
687. 
„         silver,  695. 
Governors,  495. 

„  Coutts'  and  Adamson's,  498. 

Dnnlop's,  496. 
„  Meriton's,  496, 
„         Silver's,  496- 

Smith  It  I'inknej'B,  497. 
„         steam,  499. 
„         We^tinghouee,  498. 


Graphic  method  of  aaoertainlng  mesa  mt»- 
sure,  lia 
,,  oalculating  the  expected 

mean  preesure,  126. 
Onwthopper  eopne,  when  Ofed,  3. 
Grate  ar«a,  401. 
Gratings  and  platforms,  606. 
Gridiron  ezpaniion  valve,  289. 
GroM  feed.wat«r,  257. 
Grease,  616. 

Uudgeon  end  of  oonnecting-rod,  177- 
Gudgeons,  piston-rod,  169- 
Gnide  block,  mrfaiw  of,  16& 

„     plates.  '221. 
Guides  and  slides,  friotion  of,  29. 

„      and  springs,  back  of  vklvee,  275. 

„      piaton-rod,  167. 

„  valve  rod,  278. 
Ganhoat  boilers,  383. 
Qnnmetal  or  bronie,  594. 


valve,  267. 
Hand  pump,  263. 
Harmon  to  nlotioo,  644. 
Heating  snrfaoe,  370,  380. 

„  effioienay  of,  391. 

total,  m. 

Henderson's   patent   fira-door   and   ban, 

471. 
Herreahoer  boiler,  404. 
High  and  low-pressure  enginsa,  comparison 
of,  26. 
,,      pressure,  its  advantages  and  disad- 
vantages, 27. 
„     -speed  orut,  stresses  in  machinery  o^ 
516. 
Highest  eoonouiio  speed,  formula  for  deter- 
mining, 40. 
Hohenstein  boiler,  425, 
Holding-down  bolts,  146,  489. 
Hollow  shafts,  rulea  for,  214. 
Holt's  boiler,  380. 
Horizontal  oylinders,  146. 

„         direct-acting  engine,  12. 
„  pumps,  245- 

Horse-power,  Admiralty  nominal,  rule  for 
obtaining,  22. 
„  estimated,  rules  for,  21. 

„  indicated,  definition  of,  22. 

,,  „         to  find  from  wettoJ 

surface,  46. 
„  neoeasary  to    drive  a  ship, 

rule  for  obtaining,  40. 
„  nominal,  bow  obtained,  19, 

20. 
Howden's  system  of  forced  draught,  306. 
Hydrokineter,  Weir's,  482. 
Hydro-molar,  811. 
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ItfPRRMKATOR,  238,  600. 

,,  mBchaiiical,  501. 

ImjMxiveniant  of  eorew  engines,  10. 
iDoliiied  direot-ooting  engine,  7. 
Increaae  of  presaure,  effects  of,  76. 
India-rubber  air-pump  valve,  249. 
Indicated  horw- power,  definition  of,  22. 

,,  „      to  find,  forspeed,  40,  40. 

„        timut,  326. 
Indicator  diagram,  how  calculated,  22,  127. 

,,         du^ms,  293,  30S. 
Inertia  of  air-pump.  661. 

„         orank,  650. 

,,         cnrva,    Cottarell's    method     of 
constructing,  62G. 

„         moving  porta,  33. 

„         piston  and  croBshead,  and   rod. 


646. 

„         valve  gear,  661. 
Injeotioa  oriGce,  area  of,  226. 

,,        water,  amonnt  of,  226. 
Injectors,  346. 

Inlet  and  discharge  pipe>>  Bii«  of,  238. 
Inside  cut'Off  valves,  2Q1. 

„      lap,  300. 
Inl«rnal  Bt«am  and  feed  pipes,  477- 
IntToduotioQ  of  wheel  gearing,  10. 
Inverted  direct-acting  euginea,  variiitii 

in  design  by  different  makers,  69-73. 
Inverted    direct-acting    engiiiei,    varii 

forms  of,  82-68. 
Iron  forginge,  684. 


Lasdbbs,  506. 

Lagging  and  olotbing  of  boilers,  484. 

„  ,,  cylinders,  149. 

Lead,  692. 

"  Lead  "  of  valves,  299. 
Length  of  paddle  engines,  69. 
,,         screw  engmes,  61. 
stroke,  136. 
Lifting  BorewH,  337. 
Limits  of  latent  heat,  25. 
Lincolnshire  iron,  687. 
Liner,  cylinder,  141. 
Liquefaction  during  expansion,  122. 
Lloyd's  rules  for  boilers,  642. 

„  „        electric  licht,  085. 

,,  „        ahafting,  206,  077. 

„  „        Hpare  gear,  629. 

„      teats  of  materiolB,  687. 
Locomotive  boiler,  384, 

,,     double-ended,  385. 
„      Sealou's  patent,  38fi. 
,,      wet  bottom,  384. 
slide-valves,  265. 
Long  and  short  O  valves,  265. 
Longitudinal  Joints  of  fnmaoes,  469. 
Loss  of  energy,  causes  of,  28. 

„    from  the  pumps,  32. 
Losses  due  partly  to  mechanical  defecta 
and  partly  to  physical  causes,  33. 
lue  to  wire-drawing  of  steam,  &o., 
35. 

Low-pressure  engines,  comparison  of,  2$. 
Lubricator,  sight  feed,  601. 
Lubricators  and  impermeators,  500. 
Cadman's  patent,  500. 
oentrifugal,  600. 


of,  and  advantages 


„  oil  burner,  360. 
„  propeller,  reoeptio. 

of,  2. 
„  propellers,  1. 
„  propulsion,  310. 
Joy  s  patent  assistant 
„     valve  gear,  288. 
Jouk-ring  bolts,  161. 


KKKFa  for  main  bearings,  218- 

Koys,  cross,  for  shaft  couplings,  196. 

Kinghom's  patent,  249. 

Kingston  valve,  338. 

Kirk's  analysis  of  the  forms  of  ships,  44. 


Machihert    of    the    torpedo    boat    and 
destroyer,  608. 
apace,  58. 
Macliiine's  patent  piston,  168. 
Ma^olia  metal,  596. 
Mam  bearing-bolts  and  brasses,  219. 
„     bearings,  216. 
,,    steam  pipe,  13S. 
Manganese  bronze,  604, 

„  steel,  690. 

Manholes  in  boiler  shells,  466. 
,,        and  madholes,  238. 
Marine  engine,  requisites  in  the,  SI. 

engines,   ooraparative  e£Bciency  of 
82. 
,.       machinery,  coat  of,  517. 
Marshall's  valve  gear,  287. 
Martin  and  Andrews'  patent  slide   valve 

and  relief  frame,  272. 
Martin's  patent  firo  bars,  470. 
Material  for  screw  blades,  336. 
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708  ua 

UftUmb,  effect  of,  KIO. 
for  boilen,  4M. 
„  ,,   nuchiiieqr,  SIO. 

UMher  k  PUtt'a  ptkUat  pittOD,  IC7. 
UkwUUy'i  aamilmr  ojliDdan,  wbeD  used, 


11. 


^  106,  ISl. 
gikphio  method  o(   uo«r- 

Uining  nine,  110,  126. 
how  obtMned,  SO,  I2T. 

apooDdeogine,  IIS, 


137. 


„.  Ml. 
theoon 


^9^1M 


a  rod,  647. 
Mecbsoickl  impermnton,  501. 
Uercantile    nkHiM   nmihwl  hme-power, 

rale  for  obtaioirg,  22. 
Uerohftnt  buv,  682. 
Ueritoii'i  governor,  4M. 
UeriU  of  and  objecticnu  to  peddle  wheela, 

Uelhud,  graphic,  of  okloDlktuig  the  expected 
niMo  preamre,  129. 
„        of   obtelninB    &    nvem   moUoo, 

2. 
„        practical,   of  calcalaling   the  ex- 

rcttA  mFAD  pree>ur«,  120. 
ooonecting   fonuoM   to  end 
pkuv,  1S8. 
„  itiffeDing  furneoea,  454. 

„  work,  builen,  460. 

Mlnenl  oils,  610. 
MiDJiaam  breadth  of  paddls-wheel  engiDM, 


.19. 


I,  IS4. 


Morton's  valve  gear,  6ii. 

UotioD  of  tiiB  pisUm,  296. 

Uotor,  "De  Laval,"  12. 

Moving  parU  of  a  marine  engine,  631. 

Mud-boioH,  203. 

Unmford'e  method  of  obtwolog  the  w 

anrfaoe  of  a  ihip,  46. 
UiinU'i  metal,  bS3. 


Naval  brau,  COS. 

„      en^eo,  streaaea  in,  616. 
Negative  ^ip,  322. 
Net  feed  vater,  207. 
Nickel  Bteel,  687. 
NioUuiae  boiler,  426, 
Nominal  horse -power.  Admiralty,  22. 

„  ,,  how  obtained  origin- 

ally, 10. 

„  „  Mercantile    Marine, 


Nominal  bone-power,  rnlea  for  obtaining. 


Oils,  600. 

Open  cylinder,  10. 

Opening  of  port  to  steam,  13ft 

Ordinary  piatix),  conatraatioo  of,  160. 

Oaoillatmg  ajrlinder,  11. 
„  oy  linden,  146. 

, ,  engine,  advantagea  of,  fi, 

„  „      aonaninptioa  of,  0. 

Onter  bearing  of  shaft*,  197. 

Onlaide  cut-off  valvea,  2!Kk 

Oval  boilera,  3S0. 

Overhang  oraok,  18S. 


PACUNOS,  metalUo,  for  atufflng-bozea,  ISl. 
•oUd,  161. 
, ,  tnbe,  for  ooodenaen,  232. 

Paddle  enginea,  apace  oocapied  b«,  60. 

„  „         BtrcaMa  in,  £16. 

„    -abafu,  187. 

„     -wheel  frantea,  S16. 

„     -wheeU,  t,  Sll. 

,,  „       merit*  and  objectiona  of,  I. 

,,  ,,       femu  aorewa,  I. 

Parsons'  torbo-motor,  107- 

,,       white  bnuM,  SOS. 
Parti  of   engines    subject   to  alternating 

„  „  „       to  int«muttent 

atresaec,  S12. 
Passage  of  oiroulating  water,  237. 
Paesage*  and  pipes,  exhaust,  139. 
Patent  fuels,  361. 
Pedestals  for  tnnnel-abaftiag,  487. 
Pendulum  engine,  when  used,  U. 
Penn's  tnuk  engine,  13. 
Perkins'  boiler,  403. 
"PetTalvea,"261. 
Phosphor  bronie,  604. 
Pipe,  main  etaam-,  138. 
Pipee,  drain-,  602. 

„      feed-,  260. 
Piping,  bilge  auction-,  342. 
Piston,  1 64. 

„       body  of  the,  150. 

„       clearance,  148. 

„       expanaion  valves,  202. 

,,       motbn  of  the,  2M. 

„       ordinaij,  160. 


nng^ 


details  of,  l«a 
166. 
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„        „    diameter  of,  163. 

„         „    ends,  16fi. 

„         „    gnidea,  IflT. 

„      gpeedB.  131,  609. 

„       BpringB,  varioiiB,  166,  1B4. 

„       tail-roda  and  tanks,  107> 

„       Thom't  patent,  271. 

„      -valvea,  143,  267. 
PUtons,  baluioe,  276. 

Pitoh  and  diameter    of   acrew  propeller, 
324,329. 

,,      o!  Btuds  in  cylinder  ooreri,  160. 
PktoB,  bed-,  216. 

„      tube-,  for  condensers,  232. 
Platform*  and  oratings,  606 , 
Plumtine  (bearing  metal),  596. 
Ports  and  passages,  steuo,  IBS. 
Position  of^  suspension -pin  of  links,  263. 
Practical  method  of  oaloulating  the  ezpeoted 

mean  preaaure,  126. 
Pressare,  high,  27. 

„        in   cylinder,   caiise«   of   loss   of, 
121. 
mean,  108,  126. 
„  „      hoT  obtained,  23,  127. 

Principle  on  which  propellera  act,  309. 
Prior's  patent  piston,  167. 
Pnwreea  made  by  early  n 

Prof^reeaive  trMM,  t8. 
Projectors,  screws  as,  1, 
Fropeller- blades,  333. 

"      -afaafts,  198. 
Propeller,  seleotiou  of,  IB. 
Propellers,  jet,  1. 

Piopiu-tions  of  slide-valves,  280^ 
Impulsion,  jat,  310. 
Fui&led  steel,  686. 
Pump,  air-,  239. 

■buckets,  247. 
double-aoting,  242 
hand-,  263. 
aingle-aoting,  261. 

„  vertical  air,  S 

•rods  for  air-pnmp,  244. 
size  of,  243. 
„     -valves,  247. 
Pumps,  anxiliary,  343. 
bilge-,  262. 
oentrifaK»l,  266. 
cinmlatiiig,  261. 
donkey-,  346. 
double-acting,  262. 
effioieacy  of,  243. 
feed-,  267. 
horizontal  air-,  S4A. 
roWry,  254. 
sanitary,  263. 


QcASKCFLE-KxpANaioK  engines,  101 . 

Quality  of  plate  for  fianging,  463. 

Qualter  and  Hall's  patent  piston,  167. 

Quantity  of  oooUng  water,  237. 

„         „  fuel  bnrat  on  thegrate,  366 
„         I,  injeotion  water,  fa6. 


rinas,  16; 
tbod  of  c 
.43. 

Rate  of  combustion,  364. 
Ratio  of  cylinder  capaoity,  S6. 

„        work  in  large  and  small  cylinders 
of  compound  engines,  79. 
Receiver  componnd  engine,  7S. 

space.  146. 
Reciprooating  masse*  of  eagine,  551. 
Rectongolar  boiler,  372. 
Reed's  boiler,  418. 


[  weight  of  machinery  to  ton- 


Retai 

naj,  ,      . 
Relative  oonamaption  of  fuel  in  simple  and 

in  oomponnd  engines,  84. 
Relief  frame.  Church's,  274. 
„        „      oonunoo,  272. 
„         „      Daweand  Holt,  271. 
„         „      Thomycroft,  272. 
,,      frames  sener^ly,  269, 
„      valvea  rar  feed-pump.  280. 
Requisites  in  the  marine  engine,  61. 
Kesistonce,  friotjooal,  bow  caused,  30. 
„  of  a  ship,  37. 

„  „         Rankine's  method  of 

calculating,  43. 
„  „  destroyers,  66, 

„  „  shafts  to  bending,  181. 

„  „        „        twisting,  178. 

„  ships,  3r 


r,37. 


1,43. 


RetordHra  in  boiler  tubes,  463. 

Return  conneottng-rod  engine,  11,  16,  60. 

Reversing  gear,  2&5. 

„         method  of  obtaining  a  reveiM 
motion,  2,  491. 
Bflvolntions,  133. 

„  ourve  of,   how  to  oonatmot, 

4S. 
Richard's  plastic  metal,  696. 
Blvet-iron,  582. 

Riveting  boiler-ends  to  the  shell,  463. 
„       of  boilers,  443,  463. 
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.,      acnp-iroii,  582. 
Rotary  oiroulatiiig  pump*,  254. 
RotAUDg  maiDBt  of  engine,  551. 
BoUtor^  enguiea,  deaoription  of ,  11. 
Kovmn'B  patent  pilton,  16K. 
Rubber  airpump  tsIts,  249. 
Bnle   for  Dominal  hone-power,  suggwted, 
23. 
I,       (or    oblAiiUDg    Admiralty    nominal 

horae -power,  22, 
„       for     obtaining    nwrauiUlo     mirine 

nominal  horse  power,  22. 
„       for  obtaining  the  power  neaeuary  lo 
drive  a  ship,  42. 
Rolea  for  diameter  of  shafta,  204,  212. 
,,      „   liiee  of  cylinderi,  90, 
„      Lloyd's,  for  shafting,  206,  677. 
„      ot  lioard  of  Trade,  for  Bhafto,  2M.  676. 
, ,      of  Bureau  Ventaa,for  shaf  ta,  208,  680. 
Bnlhven'a  propeller,  2. 


8a ri  working  atreasea,  614. 
Safely  ooUara,  3411. 

„      ring  and  lock  bolta,  for  piatona,  161, 
„      .valve,  473. 

„  „       Board  of  Trade  mlea  for,  6B9. 

Saiiitery  pump.  263, 
Scotch  iron,  660. 
Screw,  advantagea  and  dinulvantagea  of,  2. 

„      enginea,  10,  60. 

,,  ,,       improvement  of,  10. 

„  „       length  of,  61. 

,,      propeller  bladea,  333. 

„      propellera,  310. 

„  „         to  calculate  weight   of, 

335, 

„      abaft-end,  198. 

,,      ahip  V.  paddle-ahip,  11. 
Scrawa  aa  projeclora  of  water,  1. 

„      featbenng,  336. 

„      UftiDg,  337. 
Soum  cock,  480. 

Sea  performanoe  of  aleamere,  60. 
Seatou'a  patent  looomotive  boiler,  385. 

,,       water-tube  boiler,  414. 
Seaward'a  alide-valvoa,  26G. 
Sea-water,  2G7,  606. 
Bee'a  aah  hoiata,  404. 
Selection  of  propeller  and  engine,  18. 
Sell'a  valve  gear,  3SB. 
Sentinel  valve,  4S2. 
Separator,  ateam,  463. 
Serve  tubea,  463. 

Shafting,  Board  of  Trade  rules  for,  204, 676. 

„         British  Corporation  rules  for,  200, 

678. 


'    porta   and    river   aervioA 


Shearing  and  toraion,  S14. 
Sbtopahire  irona,  580. 
Side  lever  engine,  3. 
Siemena-Martin  st«el,  586. 
Sight  teed  lubricator,  501. 
Siwer'a  governor,  496. 
Single-acting  drculattnjg  pump,  251. 
,,  „      vertical  air-pump,  242. 

„      bar  link,  283. 

„     -crank  engine  and  valve  gear  balanced 
by  bob  weighta  and  rotating  weigbta 
combined,  555. 
„     -ctaok  engine  and  valve  geM'  balanced 

by  rotating  weighta  only,  652. 
„      eccentric  gear,  2tJ6. 
Siia  of  air-pump,  243. 
„     bar linki,  2S0. 
„      circulating  pump,  253. 
„      flmneL  367. 

„      inlet  and  discharge  pipes,  238. 
„      aafaty-valve,  470. 
„      alot  Unk,  283. 
Skin  T«>iatanoe,  43,  66. 
Slide-Talveo,  common  or  locomotive,  265. 

„  proportiona  of,  280. 

Slip,  apparent,  liSa. 
,,  negative,  322. 
Slot  link,  28-2. 

Smith  and  Pinkney'a  governor,  497, 
Smoke-box  boiler,  406. 
Snifting  valve,  927. 
Soapa,6l4. 
Solid  lubricanU,  614. 
„    matter  in  aolution  in  water,  604. 
„    pack  inga  for  piatona,  161. 
Spaoe  occupied  by,  and  oiher  oomparisona 
between,  Tariona  typea  of  engine*,  58- 
68. 
Spaaing  of  oondeoaer  lubes,  235. 
Spare  ge«r,  618. 


„         British  Corporation  mlea  for, 

620. 
„  Bnreau  Veritaa  mlea  for,  630. 

„  Lloyd'a  rulea  for,  620, 

Specific  gravity  of  metala,  609. 

oils,  611. 
Speed  formnla,  38. 


Staffori 


1,684. 


„  Yorkahire,    Derbyahire,    and 

Welah  irons,  680. 
Standard  unit  of  power,  choice  of,  18. 
Starting  and  rev«raing  engines,  491. 
Staying  enginea,  489. 
St«yB,  boiler,  403,  404. 
Stay  tubea,  boiler,  463. 
Sleam  and  ether  engine,  S6i 
„     aah  hoiata,  4M. 


^.Goot^lc 


Stenm  drums,  403. 

„      expansion  of,  100. 

»     gtuige,  481,409. 

„     gear  for  reverBmg,  491. 

„     femora,  498. 

„     jackets,  144, 

„     porta  and  pacMgea,  138,  143> 

„     sapuator,  483. 

„     aidea  at  ooodeoaer  tabea,  234. 

,,     apaoe  in  boUen,  393. 

„     ateering  gears,  352. 

„  „  Brown's,  3S3. 

„      taming  gear,  404. 

„     whiltlei,  4S2. 
Bt«el,584. 

„     Besnmer,  686. 

„     castings,  680. 

„     forging!,  588. 

„     muunuiew,  600. 

„     nickel.  580. 

„     puddled,  686. 

„     sliafta,  211. 

„     Siem ana- Martin,  585. 

„     used  for  boiler  oonslrnotioii,  586. 
Steeple  engine,  6, 11. 

„      engines,  uitablstare  of,  223. 
Stem  bush,  106. 

„     boshes,  190. 

„     tube,  100. 

„     CederroU's,  200. 
StirUcg  boiler,  425. 
Stokehole  ventilators,  BOS. 
Stone's  bronze,  505. 

„      white  bronze,  605. 
St«p  and  throttle   valves,    area   throngh, 

a  top- valve,  471. 
Strength  of  cast  iron,  581. 

„  materials,  61:1,  609. 

„  ,,         efruetotheatoD,606. 

Stresses,  alternating,  612. 
„        due  to  inertia,  674. 
„        intermittent,  512. 
Stretch  under  tension,  615. 
Strobe,  length  of,  135. 
Stnfflni^-boxes  and  glands,  161. 
Super- heating,  effeot  of,  28,  34. 
Surface  coodeoBer,  327. 

„       of  crank-pins   and   Bhaft-jonmals, 

lOG. 
„      of  guide  blocks,  168. 


Tallow,  615. 

Tandem  engines,  oompound,  68. 
Taper  bolts,  106. 
Tem^ierature,  26. 
Tensile  strength  of  metals,  6(0. 
Testing  condensers,  230. 
Tests  of  materials.  Admiralty,  686,  fi 
„  Board  of  Tisdo,  5 


Tests  of  materials,  British  Corporation,  688. 

Lloyd's,  687. 
Thiokueu  of  blade  of  screw,  330. 
„  boiler  eod-platee,  463. 

„  brass  ooaing  on  screw-shafls, 

190. 
Thompson's  patent  air-pump  valve,  249. 
Thorn  8  patent  piston-valve,  271. 
Thomjcroft- Marshall  boiler,  427. 
Tbomycroft's  boiler,  417. 

„  relief  frame,  272. 

Tbree-orank  engines,  C4. 

„  four-  and  Gve-ovlinder  engines, 

«7. 
,,  Hx-ejUnder  engines,  67. 

Throttle  valves,  area  through,  138. 
Through  exhaust  slide-valve,  273. 
Thrust,  201. 

„     -block  ■eating,  487. 
„      collars,  diameter  of,  202. 
„      indicated,  326. 
„      of  a  screw  propeller,  324. 
„     -shaft,  201. 
Tin,  691. 

Total  heating  surface,  390. 
Tramp  stoameTB,  stfeBses  in  machinerv  of, 

6ie. 
Travel  of  valve,  298. 
Treble-ported  valve,  267. 
Trial  trips,  value  of,  36. 
Trials,  progressive,  48, 
Trick-vftlve,  266. 
Triple-expansion  compound  engine,  80. 

„  engine,  mean  preaaure  in 

a,  95,  127. 

Trunk  engine,  10. 

„  adoption  by  Admiralty,  11. 

Trunk  engines,  60,  167. 
Trunks,  167. 
Tuba  packing  of  condensers,  232, 

,,    plates  of  oondeniierB,  232. 

„    Burfaoe,  370,  380. 
Tubes  for  boilers,  380,  392,  403,  461. 

,,       „   oiroulating,  402. 

„       „   oondansers,  228,  235. 

„      ,,  stays,  463. 

„      heating  surface  of,  380,  401. 

„      packings  for  condenaara,  233. 

„      pitch  o1,  in  boilers,  461. 

„  ,,        in  condensers.  236. 

„      spacing  of  condenser,  236. 

„      thickness  of,  232,  402,  462. 
Turbines,  697. 
"Tnrbinia,"  as    fitted    with    rotatory  or 

turbine  engines  (Parsons'),  12. 
Turbo-motors,  turbines,  106,  607. 
Twin-cylinder  engine,  10. 
Twisting  moment,  equiralent,  181, 
on  shafts,  178. 
„        momenta,  ctirve  of,  162; 
„        of  shafts,  resistance  to,  176. 
TwO'Crank  engines,  equivalent  trf,  10. 


■.  Goo' 
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Xwo-dnuik  (bnr-OTXndBi  ongine,  64. 

„  thrae^lindar  engine,  Ai. 

„         two-ejrUnder  Mtipne,  U. 
Two  trpM  ol  wMor-lobe  boilan,  40S. 


Dmtt,  ■tuuUrd  of  powtr,  Sboioe  of,  18. 
Upt^e  and  Euoml  moUods,  uva  of,  393. 
Vnng  fteuD  eipuuivelj,  109. 


TiLinof  fneli,  331. 

„        trial  trija,  SO. 
Vftin  and  ralra  boiaa  tot  feed-poinp*,  960. 

,,     MCft  of  olrcnUting  pvnp,  803. 

,,     B«ldun'*  [wt«nt,  251. 


-boxo( 


diurkm*,  21 
dooble-portl 


I,  149. 


I,       I,    Haokwortb'i  dyiuunio,  888. 

„        „    Joy"*,  388. 

„       „    Mmluai'i.  287. 

„   SeU'i,  288. 

„  oridircRi  MCpanaioii,  889. 

„  HukworthV  387. 

„  IndU-nibber,  249. 

„  Kingalon,  SM. 

„  Uartin  »Dd  Andnm,  273. 

„  -rod  bo(ta,  278. 

„  „    giiidM,378. 

„  -Todi  or  BpiiidlM,  277. 

„  M*U,  M«k  throDgh,  SSI, 

„  aniftiog,  227. 

„  throngb  exbaiut,  273. 

„  Triok,  266. 
VftlvM.  290,291,202. 

,,       air-pump,  247. 

,,       auxilury,  to  oylinder.  144. 

„       bilge,  341. 


oommoQ  or  looomotiTe  tUda,  26S. 

diiolurgtt,  341. 

double,  aa9. 

double-portad,  143. 

MMpe  or  relief,  145. 

expuuion,  289. 

loDg  and  abort  D  alide-,  26fi. 

metallic,  for  air-pump,  249. 

pirtoD,  143,  907. 

relief,  26a 

Seaward'!  allde,  2BS. 

treble-ported,  207. 

wooden,  for  air-pamp,  249. 


VariatiMii  of  deaiga,  dilhraat  pomtitna  ami 

nietboda,  69. 
Variona  oonditiona    for    affioienqy  of    the 

water-tnbe  boiler,  390. 
TemUble  oiU,  010. 

VelomBter,  Durham  ft  Churohill'a,  498. 
Veotilaton,  atokehole,  006. 


Vertical  air-pump,  Binsle-ooting,  i 
ojrliiidrical  boQer.  383. 
mraot-aotiog  B 


'liiidrical  b> 

ooiutraction 
of,  12. 
"  Tiper,"  aa  fitted  with  rotatory  ax  turbino 

enginea,  12. 
Viaooiity  of  oils,  612. 
VnloMiite  air-pump  valrea,  249. 


„       MTvim,  346. 
„       aide  of  oondeiiaer  tabes,  334. 
„       lolid  matter  in,  906. 
,,       apaoea,  460. 
„      -tube  boiler,  399. 
Walt'*  boiler,  406. 
Weight  of  iron  bar*,  588. 

„         Borewpropeller«,toaaloulat«,335. 
„         the  enginea  and  btnlen,  607. 
Weil's  feed-heater,  fi02. 
„  „  and     aqtonwtio    regu- 

lating gear,  £03. 
„       hydrokineter,  482. 
Welah  iron,  S80. 
Weatinghooae  goremor,  498. 
Wet-bottom  loooniotiTe  boilera,  S84. 
Wetted  akin,  50. 

Wheel  gearing,  introduction  of,  10. 
White's  boiler,  420. 
White-Forster'a  boiler,  417. 
Whit«  metals,  composition  of,  698. 
Width  of  steam  porta,  143. 
Wooden  valves,  -249. 
Wrought  irra,  BS2, 


ZiUNiR  diagram  for  independent  expannon 
valve,  303,  SOS. 

„      piston- motion  diagram,  296. 

„      valve- iDotiOD  „         207. 

Zinc  or  spelter,  G92,  , 
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